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STRATIGRAPHY OF THE PHOSFHATIC SHALE MEMEER OF THE PHOSPHORIA FORMATION
- IN WESTERN “YOMING, SOUTHEASTERN IDAHO, AND NORTHERN UTAH

By Vincent Ellis McKelvey

ABSTRACT
Introduction.—~The marine Phosphoria formation of the Northwest has
long been noted for its large vhosphate reserves, but :ecent discoveries
show it to be noteworthy also for its content of vanadium and other minox .

tlemants.v The economic value of these materiala msy be enhanced by the -

grea. Iatera.l wntim:ity of the beda contaim.ng t.hen. ‘nn results ot
atratigraphic studies that domnstrate the cont:l.m:l.ty and; variation ot

ﬁn beds of the Dhosnha.tic shale in western Wyom:lng out.heastarn Idaho ~

lnd northern Utah are presented in the present paper :
'ms Phosphoria formation in this region ia ccupo t‘a ibiet-, phos-

Phltic: shala member, overlain by the Rex member (chcrw limestorxo). Ita
'&&regate thickness rangea rrom about 225 to 500 fcet.

a "qole, 50 to 70 percent is a0, P,0s, C0,, 380, and F, uoatly as ccllo-

Pra
@ and francolite and calcits or dolomite; 20 to 35 pcrcmt is 3102,




fo04, Al;05, and K;0, mostly as clay minerals, quartz, and mica; and 5 to
10 percent is organic matter. lost of the minor elements, including vana-
dinm, are in the very fine-grained, acid soluble portion of the rock, but
the minerals which contain them have not been seen or identified. The
vanadinm may be in a hydromica or clay mineral, for it varies roughly in
proportion to the amount of Bsoluble" silica present.

Str;tigaggx.-me vhosphatic shale. member in this region may be
d.iv:!.dcd into two part.s lower and upper, each of which consists of a-
VMnanﬂy phoaphatic and calcareous sequence overlain by less phosphatic,
;ﬁrgely;{chsﬁ.c or siliceous rocks.

The lc;wer part of the member increases in thickness mstwa.rd. from a
Iinim of 65 raet in the Salt River Range, wyo., w a mmmum'oz ahout
mskfu’& in the Peals lountains, Idaho, and southward f.o a m:d.nnm o.t 125
to 150 toet. in Dempsay Ridge and the Craxfcrd Emntains In tho Salt River
W the basal beds consist of calcareous sﬂtstona or dolomite s overlain

L& tic zone 3 to 5 feet thick. uternating beds of siltstone and

o the rem#inder cf the lower part The most vanadifercms part

“Uﬁaina‘wv' phoaphatic beds (especially near the base) not prese t, '
"““Ntem W‘ynmng ¥ost prominent among ‘these is the lnwer phesphate Bed
B 'hieh together with the overlying "cap lime," if found over much of south-
uat""“ Idaho. The vanadifercus zone in southeastern Iusho is thicker

-2l



(8 to m'rfeet) and zore chospnatic than in western Wyoming.

‘maupper nart of the member increases in thickneas southward from a
mintmum of about 30 feet in the Salt River Range to a maximum of about 100
feat in the Crawford Mountains. Its lower half consists of alternating -
beds af nhosshatic ocolite and calcareous or dolomitic siltstone. Several |
unit.s, ..ncluding the upper phosphate beds and a thin oolite bed and a

'hangng_-m]l" 1imestone bed at the top of the vanadiferous zone, extend

;the region. In the Salt River Hange the uppermst part of the

mcmblu thu Rax member of trn Phoaphoria, In sontheastcrn Idaho these

rockaym soft brown siltstones much like the rast ot t.he ptmsnha’d.c shale

;Iixxs,ept,that they are less phosphatic, although thaydo Qpntain several thin -

fear.
8%. The total flucrine content increases westward with incz-aase in the

~ .. unt of phosphatel but the fluorine~-hosphate ratio aprears to increase



eastward. Cherty rocis are found only in the eastern and sout;hern part of
the region.

The vanadium content of the vanaaiferocus zone, which ranges from 0.1
to more than 1.0 percent V205 over the region, decreases northward and south~
ward from a belt that trends sastward across the region. In general, the |
vanadium content of the entire phosphatic shale member parallels that of
the vanadiferous zone (a relation which is analagous to that of the-phosphate

and carbonate).
. Origin.—The occurrence of the phosphate, vanadium, and trace elements

clearl}shm that >they are syngenetic-——that is, they were dapo'aited at the
Same tim as the enclosing rocks.

‘!’hc source of most of the constituents was most ]iknly ths Phosphoria
3ea tor sea water is the only "source rock™ that cmtajm the diverse
ua-nhlaga of elements found in the rocks of the pb.oaphatic shale member.
The volnm of phosphate and vanadium in the nhosphatic ah.a.la is tremsndous

hﬂt mrisona suggest that the Phosphoria sea, givcn sufficient time,

, contrimtiom from chqmical d.snudation, and mrma.l occanic circula~ -

!isht well have been an adequate source of t.hcae Valemnts. T

nh'varims elements could not have been concentrated empt for the

y slow deposition of other sediments that 'ug;t hav diluted them.
: LOw thc%dopoaition of these other sediments may hava bcon is shown bty
fhs Tact that t.he mcsmat.ic shale, only 100 to 250 feet thick, may be the

4 ﬁ'”‘ ‘Qlivalent of the Word and Leonard formations, 3,000 to 5,000 f”t' ‘hi"k!
az r'x“ If those formations comtain as much phosphate and vanad!.um as
Y phosphatie shJo, their average conhant of vanadium and phosphate is

£
*Ut the same as the sverage found in all sedimentary rocks.

“ Slow dape3ziwldo:: »ns not the only facter that led to the concentration



of rhospnate and venaiium, Jcr .2 tctel amcounts of these elements vary later-

ally in individual layers o7 tie -ocspuztic shale, The factors that controlled
precizitaticn of ti2 zZros-iate and nincr =lerzents are nct @nown but they must

rave been such that the -rocesses of precicitation and depositicn couid be

reveated manr times, and could crerziz with varying efficiency.



ITRCUCTICN

"he marine Fhosphoria formation of the lorthwest nas long been noted for
its ]arge_p’rtosphate reserves, aut recent discoveries snow it to bte ncte-
worthy also for its content of vanadium and other minor elements. In sout'n;-
sastern Idaho, western “jcming, and northern Utah, where t..e phosphate and
vanradium deposits are ricnest, the “hospnoria consists of a lower, zroesziatic
snale member overlain by the Rex member (cherty limestone). Their corbined
thickness ranges fram about 225 to 500 feet. Despite their small thiclness
t.hey'apparently represent much of Permian time and are thus the time equi-
valent of thousands of feet of Permian sediments elsewnhere.

A significant corollary of the great disparity in thickness between the
Phiosphoria and most otier Percian formations that are its probable time ecuiv-
alent is the marked difference in their general composition. The cozron
reck-forming materials, which make up the bulk of the other formations, form
only a subordinate part of the phosphatic shale member of the Fhosphoria,
most of which is nonresistant, black, carbonaceous, phosphatic shale, silt-
Stone, ‘and oolite, Ti!is abnormally slow deposition of the common sediments

"‘3 one ot the most important factors in concentrating the phosphate and

'im" elements, wrich are present in many other sedimrxt.ary rocks but are
m"‘t"d by othefJ materials.

The commercial value of the phosphate and vanadium depends to a large
‘xﬁent upon the stratigraphic continuity of the beds containing them, and it
™3 to test the stratirraphic continuity of ' the vanadiferous beds that the
Present investigation wzs begun. . detailed description of the vanadium

“©%1ts will be presented in ancther report now in preparation. The prusent

‘)‘x’,“ e . . . * : -
<37 describes the lateral continuit: and varlation of individual layers of

‘}ﬂ‘n

6.

“3riat ic shale member in mirtt of Lincoln Sounty, "Mo., 7icr Jounty, Utni,



and 3ear Lake amd Jaribou Counties, Idaho.

digtcry of inve stirztion
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The proschate derosits of the Fhospnoria 7crmation have been invaesti-

(b
'1

rtv of the cresent century. ey

Jcnes 3/

sated in many areas since the early o2

sipst discoverad in 18:9 by “ichter 1/ and in 1897 by Pidcoci. 2/

U 2ichter, .lbert, Jestern chosohate discovery: *’ines and Y’strods,
V‘Ol. 2‘, Noe 9’ _D- 337, 19110
J/ Jones, C. C., Fhosphate tock in Utah, Idaho, and yoming:

and Ui er., VOLl. 83, o] e 953“;55’ 1907:

- Lo d
I ¢ -4

Yin. mne discovery and opening of a

new phosphate field in the United States: .m. Inst. ¥in. . 3uil. 82,

ope 2411-2435, 1913.
3/ 1Idem.

. later examined the deposits discovered by Pidcock and traced them over parts

", :et northern Utah, western ’.’.’yozning and southeastern Idaho.  Teeks and

' ?‘rrier began the U. 3. mlovzcal Survey land classification work on phcs-

: ‘;bate in 906 f/ and since that time the Jeological Survey has sampled the

’ﬁ%

74 eks’, F. B., and
‘-Qd St.ates:v U. S. Geol. Survey Zull. 315, pt. Lu9-162, 1907.
rn United States: U. S.

Ferrier, . F., Phosphate deposits in Testern

Weeks, F, B., Phosphate deposits in T/este

"ol. Survey Bull. U0, pp. bAL-LiZ, 1908.

" phes
= Phate and mapped the Phcsphcriz formation, on a scale of 1 to 2 miles to
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Schultz, a. R., Geology and ceography of a portion of Lincoln Courty,
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it a 3 ]
» Stanwg e UL 5. Tesl. Swever Twlle 923, 19LL.
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“ardner, L. 2., -clor- ind mineral resources of the Irwin ruadranzie,
daho and ""w.: . 3. Feol. Lurvz-, report in cre-aration.

2uber, . 7., T2c-racnry, -20lc77, znd mineral resources or the .fton
and parts of the Cckevillis, Labarge, and Jackson cuadrangles, o.: . 5.
Ye0l.. 3urvey, rencert in orecaration.

Teiss, lrarles

, Tr.csnhate denczits in the Deer Creek-/ells Canjon area,

Idsho: U, . “221. Jurvey, report in oremaration,

Small amounts ¢ vanacdium nsv2 been known to occur in the pnosphate
rock of southeastern Idaho since 1511, when chemists of the U. S. Geological

Survey faund it in a samsle {rom Origgs, Idaho. é/ Cther tests made in the

&/ Mansfield, 3. 2., op. cit., p. 212, 1927.

years Zfollowingz shcwed that the phosphate rock contained from C.02 to as
mich as 0.52 percent TxCs. Production of vanadium as a by-product in the
Bﬂm}-ﬂgcture of surerphosphate besan in 1941 when, after years of investiza-
:’-ion, ;ﬁhe Anaconda Zorter Vining To. perfected and placed in operation a

process to recmrer the vanacium froc phosphate rock mined at Conda, Idaho.

Vanaditm in cther beds of the phosphatic shale was first discovered in
’“9193 Gollected by Geolorical Survey field parties directed by 7.3 . Iubey
er 11 tr\.nchns .m the 32lt RUwver Ranpe and 1 treanch in the *Foming Ranre,

AL Saanles (lva) were analyzed for P205‘ Cf these, the &2 that coatained

18
. P""me“t or mcre P2C5 and 13 of the 120 containing less than 15 ;,ercent
e

re also t, tested for vanadium and several other constituents, 111 75
turrle - | ’

tles wers found to contain at least some vanadiuvn, 18 ccertainei ¢,25%

e ¥ : ..
TOTG T205, and & contzined 0,5 percent cr mere. “Tern trese

wovm, vonadiun determin.tiong were made on £
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western phosphate field, including nany Serercusly furnisned by the Zureau of
?lant Industry, the !', 3, Jational luseum, and the Tennessee Talley uthcrit
were tested spectrogravnicail:r oy tne Cepartment of !inaraloe- and Fetrorranny
of Yarvard University.

C? all the samples tested, those from southeastern Izaho and western
¥yoming contained the most vanadium and the most highly vanadifercus samcles
were of shale from the upcer cart of the phosphatic shale member. At tnat
tims, it was not known whether the vanadium was present as a syngenetic mineral;
Ihether or not the most vanadiferous samples, which were from secticns several
miles aparh, were from the same bed; or if they were, whether or not this bed
was continuous in grade and thickness. However, Rubey recognized the possi-
bility that the vanadium, like the phosphate, was localized in one or more
persistent §eds and, as a part of the .Survey's strategic minerals program,
he set out to test this hypothesis in western "yominz and southeastern Idaho
in'ay 1942, During this phase of the work, in which it was my privilase to

‘”3-3‘;12 fe]gtively complete sections of the phosphatic shale member were

, m’din detail. Al}l samples were tested for vanadium by means of a semi-

@uaatitative field test;)/ those found to be highly vamadiferous were then

&xelrod, J. ¥., A field test for vanadium, in Contributions to geo-

»ﬁ§3&2§asg U. S. Geol. Survey Bull. 950, pp. 19-23, 1946,

i’ zed 3P°ctrographically and later by standard chemical methods.
‘!he new da’ca demonstratad that the kughest concentrations of vanadium

: Tsist at one horizon over a laree recion, Y/ for beds hirh in vanadiun wers
\

/ h ot : : > s
7 Rwbey, W, 7., Vanadifer o3 s-ale in the Phcsphoria formation, ™=
&:‘*; -

¥ an , - n |
2 Tdaho (abstrach): “con. Tool.-y, vel. 28, 2. €7, 1943.
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iiscovered in relatlv ity onoe sane nart 57 the section in “relllied 0 jubpastie
idge, C okeville, lloniie ier tanyen, and Sloomington Canyon, a5 wzll 33 in

tn2 ¥ and ) trenches near thoss {1, 5, 2. and A) from wnich tne ~ieniy vanadi-
ferous "discovery! samples were sollected in tre 3alt diver .2n’e near .Iuen
(fiz. 1). lio criteria other tnan actual chemical analysis were found then
or later for distinguishing vanadiferous from non-vanadiferous beds tut we
soon learned to identify the vanadiferous oeds in the field oy their strati-
graphic position.

The program was expanded late in iugust 1942 and the Dartl was joined
by another geclogist, J. J. Love, and a chemist, Victor North. During this
phase of t'r;e crogram the beds of the phosphatic shale were sampled at LA
additional localities soaced 3 to 15 miles apart over the region snown in .
figure 1. The stratipraphic continuity of the vanadifercus zone was proved
wevond a doubt. Althouch the vanadium content was found to vary cver the
re-ion, several areas were found in waich the vanadiferous heds contain over
0.75 percent ‘1’265. In November 1542 the Bureau of lines and tr2 letals 3e-

msme vmﬁpany selec*ed three of these areas for detailed exploration. J. D

! J‘I.mre, later assisted by L. E. Srith, mapped and described the beds exposed

: bfthe Btlreau of Yines in the Afton area, W70.3 J. D. Strobell, Jr., and I

W’d‘_mcl'described those exposed by the Bureau of Baines and the letals

m"“ CO&PBH}' in the Sublette Ridse area, "iyO., and those expcsed ny the

H& s Eesem Company in the Paris-Bloomimton area, Idaho. During this

, ﬁa‘““ °f the work the vanadifercus zone was trenched and sarpled at intervals

ﬁiﬁ 100
to 2,000 feet and in addition was saroled underground at inter s of

L,
. * s T p
i 2ot Mre - . PR . .
~ . ®hereas much infcr-ztion was obtained on the cther beds of he
;RM bt R
TR nale . - .
nzle durin: %te Surver! . raccnnalssonce surveys, the detailed
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The investi~aticn centinusc until e cprinc of lwie ..en tlans for mining

rhe deposits were ahondoned ecause of tne alleviation of the vanadium shortc<e.

(4]
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ally hel‘;’f_ul were E, !'. Ncrris, Suneriatendent, and A, T. Peterscn,

: t . r =y H L 8 &9 ] -
3* of Anacondaj 4, ¥, Waliker, Vice President, J. D. Johnson, lanager,

3 ,
<TI0 £ h-d s . - . .
- ore, Mine Foraman, ”!. ©, Campbell, L. G. Warren, R. H. RUchards, and

englneers, ard A\, L. Slaughter and J. /.. Barder, eeclor.sts of

%x; ani @ )

Yalers, Project “ririneer, of the Turesu.

T vl dntors, Supapictondort of the antreier onos



Professor Lewis L. Cline of the University of Wisconsin, ﬁ;‘w. Rubey and
Herbert E. Hawkes of the Geological Survey read the manuscript and made
veluable sugrestions and criticiSms. James Steele Williams of the Geological
survey gave needed advice on the organization of the faungl l1ist,

| Sources of unmublished data

It is a pleasure to acknowledge the sources of many of the stratigraphic
sections and analyses included in this paper that have been collected by other
marbers of the Geological Survey and by representatives of other organizations
as well.

The measurements of the stratigraphic sections were made as follows:
South Cottomvood Creelz, by John Rodgers; 4, B, C, D, and F by Lawrence Gooldy;
I, J, and ¥ by Lawrence Gooldy and ~7. '/. Rubey; G, Z, and P by Lawrence
Gooldy and J. D. Love; ¥, 1L, !, I, 7, Uz, and Conda by "W. "\. Rubey; ?, S, V,
w, %X, ¥, 2, A&, BB, CC, DD, FF, II, °GL, JJ, K, and 47 by J. D. Love; and ID
by Chzrles Deiss,

l'ost of the venadium and ohosphate znalyses cuoted in tnis rerort were
~zde by Victor North, but mény cthers were made by R. C. “Jells, T. Z. Grimsldi,
J. G. Fairchild, F. L. Schmehl, J. l. Axelrod, largaret Fcster, Y. J. lurata,
and Y. Fleischer., The spectrographic analyses for vanadium were made by John
C. Rabbit of tihe Department of Y"ineralogr and Fetrography of Harvard Univer-
sity. ost of the vanadium anzlyses on the beds of the vanadiferous zone in
the Sublette Ridre area and Paris-Zloominsion arezs were made br ¥, L. Rvan
of the V*rodak Coal 2nd lManufacturing Jo. and some of those on the vanadiferous
beds in Sublette Ridre amd in the Swift Creek, Dry .Creek, and C ottcrwood
Creek areas in the Szlt River Ranre were rade by the Pureau of 'ines; zlthouch
comparatively few of ihe asnalyses rmzde by either 1rodal: or the JBureau are

included in this report, 211 have been studied in its rreparation. The analy-

ses of the roc.;s at Conda were generously furnished by the ~inaconda Comper

- 1% -



“~omine on samnles collected by H. J. Thomes, State Teoloeist of "voming,

-~ Yk

The inailrses of <ne sammles frem trencn 1D were nade by tne Chemi-

Lakeratory of the Teannessee 7Tzller .wutherity. The selenium znaly-

o

tanle L were rade 27 Trol. . ... Zeatn of tie University of
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RECITNAL =CLOGY ‘ N

The southeastern Idaho region was the site of deposition of marine
sediments during every veriod from Cambrian to Cretacecus. The Paleozoic
rocks consist dominantly of resistant gray limestone, dolomite, quartzite,
and sandstone. The Mesozoic rocks form a thick series of alternating lime-
stone, shale, and sandstone, Tertiary rocks, which are nommarine, are
largely clastics, but include subordinate amounts of calcareous marl and
volcanic ash. A list of formations exposed in the region, modified slightly

from that given by Mansﬁeld;glfollms:

YManstield, G..R., op. cit., p. 48, 1927.

Thickness
(feet)
Pliocene (2): Salt Lake formation (conglomerate,
sandstone, marl) ' 0 - 1,000
Bocene: Wasatch formation (conglomerate, sand-
. stone) 0 - 1,500t
Lower Cretaceous (?): Wayan formation (sandstone, shale, lime- .
stone) 12,000
Tygee sandstone 100+
Draney limestone 175
Bechler conglomerate 1,700
Peterson limestone 200
Ephraim conglomerate 1,000
Stump sandstone 200 - 600
Preuss sandstone 1,300
Twin Creek limestone 3,500z
Nugget sandstone 1,400%
Wood shale 15C:
Deadman limestone 200
v Higham grit ' 200%
_ Timothy sandatone 250
' Thaynes formation (silty limestone, cal-
careous siltstone, shals) 2,000 - 3,000

Woodside shale and Dinwoody formation
(silty limestone, siltstone, shale) 1,000 - 2,000
Phosphoria formation

Rex member (chert, cherty limestone) 80 - 300
Phosphatic shals member 85 - 250
Wells formation (sandstone, quartzite,
limestons) 1,000 - 2,400
Braz=r limestons 1,100*
Madisci limestcens 1,000
: Three Forks limastone AT
"y :”VGHL&?} Jeff :risn 1imestone RN
L . A AR IS L

/o



Thickness

(feet)
Upper Ordovician: Fish Haven dolomite 500
Lower Ordovician: Swan Psak juartzite 500
Jarden City limestone 1,200
“pper Cambrian: St. Charles limestone 900 - 1,200
¥iddle Cambrian: Nounan limestone 1,000
Bloomington formation (limestone and
shale 1,200
Blacksmith limestone 750
Ute limestone 750
Langston limestone 350 - 600
Lower and Middle
Cambrian: Brigham quartzite 1,000 - 1,600%
Total maximm thickness of all formations 46 ,000*

As a result of strong deformation which began near the close of the Cre-
taceous, the pre~Tertiary rocks form long, northward-trending folds, many of
which are overturned and broken by numercus transverse and bedding faults and
by a fw(gﬁat overthrusts of many miles displacement. The Tertiary sediments,
which were deposited after a long period of erosion and after the period of
®ost intense deformation are only moderately tilted, but they are broken by
noraal taults of several hundred feet displacement,

g The post-Cretacecus geological history affected the Phosohoria formation

\ :‘Ia "‘1“1 wayu. Because of the regional structure the Phosphoria is at the

ce <°n the limba of many folds and is characterized by long, northward-
(fig. 1). Because the phosphatic shale member is struc-
?lpetant in many places it has been thickened or thinned by
%‘1"8 bll;d part or all of it cut out or repeated by reverse faults which
‘ "‘?-4;"'} “’17‘ Parallel to bedding that even where exposed they ca.nnot be
M”m ‘x“l'-'t by cmission or repetition of beds. (xidation of the phosphatic
x ﬁ“g‘ i“ ‘rﬂa Where it was at or near the surface during the long period of
¥rerlon that Precedsd deposition of the Tertiary sediments, led to the removal
B3t ot its organic matter and soluble constituents so that in thosz areags

Y ts mey 4
c
Ch differant in aorearince arnd corocsition,
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DEFINITION OF THE PHOSPHATIC SHALE MEMECR OF PHOSPYCRIA FORMATION

The phosphatic beds were first mapped as a part of the Park City

formation, which had been described by Boutveli'in the Park City mining

& Boutwell, J. M., Stratigraphy and structure of the Park City mining

district, Utah; Jour. Geology, vol. 15, pp. 434~458, 1907,

district, Utah. Three members of the Park City formation wers different—
iated: cherty limestons, overlying the Weber quartzite, at the base:
mrld.nvby phosphatic shale; and capped by the "upper Productus limestone,'
The upper Productus limestone and the phosphatic shale member were
later included in the Phosphoria formation, which was described in 1912

by Richards and Hansfieldwfran Phosphoria Gulch, a small canyon in the

4/Richards, R, W., and Manafield, G. R., The Bannock overthrust:
Jour,?(}eolog, vol. 20, pp. 684~689, 1912,

Peale Mountains, Bear Lake County, Idaho. They designated the upper unit
4s the Rex chert member, from Rex Peak in th4 Crawford Mountains, Rich
County, Utah, and called the lowsr unit simply the phosphatic shale
Rember, They placed the lower cherty limestone member of the Park City
formation, together with beds thought to be equivalent to the underlying
Weber quartzite and Morgan formgtion, in the Wells formation, named from
Wells Canyon in the Peale Mountains, Caribou County, Idaho,

The Rex chert and phosphatic shale member lose their identity to the
north and east, but in the area studied they are fairly distinc.f;. Because
the ex chert member does not contain conspicuous amounts of chert in

3938 parts of this area, it will be referred to merely as the Rex member

4
i this paser,
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FAUNA

Nearly 300 species have been reported from the Phosphoria romatianw

wFosails collected during the present investigations are being studied
by James Steele Williams, but the results are not yet. available. Because
the fauna in the area studied has been incompletely described, it has
appeared advisable to 1ist also the fossils collected from other regions.
The faunas of the Park City formation, the Lower Embar formation, and the
so—called Sybille, Forelle, and irvay tongues of the Phosphoria formatiom,
and tho Sata.nka shale are included because they are either not; called i
*Phosphoria® or are believed to be continuations of it; the faunas are

separately listed in the table, except for that of the Park City formation.

in Mg, Idaho, M, and Montana (table 1)

3cne of the species which distinguish the fauna have a wide distribution
but mst of them are restricted in occurrence or at least are not equally
lbundant over the region as a whole. Thus of the speciea listed in table 1,

“‘JJ about 20 are common to the collections from Idaho and western Hymi.ng

l_{yand southeastern Wyoming. These include’ .
_._OdnCtus semireticulatus Ambocoelia gg_a_gg!t;mnsis _'

P, multistriatus Composita subtilita
P, (Waagenoconcha) montpelierensis Nucula montpelierensis
Eg Linoproductus; phosphaticus N, pulchella
i By (Avonia) subhorridus Leda obesa
& P, (Pus :t:ul::ba “nevadensis " L. bellistriata
: Aulosteges hispidus : Plagioglypta canna
Pugnoides osazensis Pleuretomaria phosphaticus
mcogra taylori . emites subpapillosus

Punctospirifer pulcher :
Such forms as Orbiculoidea utahensis, Derbya, Punctospirifer

Kentue
fentuckyensis, Hustedia, Schizodus (except S. ferrieri), Allorism.a,

Delt \
2=ltosecten, Myalina, Bellerophon, Pleurophorus, and fish teeth are listed

19



from most collections fram central Wyoming, but are absent on the lists

from Idaho and western Wyoming: on the other hand, Chonetes ostiolatus,

Crbiculoidea missouriensis, Linsula carbonaria (2), Aviculopecten?

nontpelierensis, Pleurotomaria idahoensis, Omphalotrochus conoideus, and

ostracods are reported from Idaho but not fram central Yyoming. This
local distribution may be more apparent than real, for the faunas have
been incompletely studied; but such differences in reported occurrence,
if not a reliable index of presence or absence, must at least reflect
local abundance of fossils., Of interest is the fact that of the species
vhich ars widespread, most are brachiopods, including many which have
also been reported by Kingérrcm the Permian of Texas,

"’Jung, R, E., The gedog of the Glass Mountains, Tex., Part II,
Famnal summary and correlation of the Permian formations, with descrip-
tion of brachiopods; Texas Univ, Bull. 3042, p. 32, 1930.

‘ Kany of the beds contain characteristic faurmles over small arsas,
Examples are the "cap lime" above the lower phosphate bed and the

= otroc}ms sone at the 'cop of. the phoephatic shale member in the
P‘ﬂ; Kmmtain.s the "goniatite" limestone and the Ch g bu.ring
lihsteno (t!n "hanging-wall limestone" above the unadiferoua zone)

in Suh.ette Ridge, the Orpiculoidea zor. in one of the upper phosphatc

bdds 1n tho Salt River Range; the "Productus limestone" of tbemﬁex
Bember in Idaho and Utah; and the lower chert, lower phosphate, Pustnla,
-HL""—'E.?Q&, and top limestons members described by Bransocn in the Wind
Blver-0v1 Creek mountains of Wyoming. In general, beds which are

r°33111ferous in one locality seom to be fozsilifercus wherever they cean



be identified: and beds unfossiliferous in one locality are unfossiliferous
alsewhere,

Most of the fossils occur in limestone, but some are found in shale
and phosphate rock. Regardless of strgtigaphic position, the phosghat.e

rock has a more or less typical fauna~—Orbiculoidea, Lingula, gastropods

such as Qmphalotrochus and Belleroohon, and fish remains. In central
'iyoming/%nd in the Uinta Hmmtains%he phosphate rock carries a

’ﬂanscn, C. C. Paleontology and stratigraphy of the Phosphoria
formation: Missouri Univ. Studies, wol. 5, p. 18, 1930,

"Yt111ams, J. Stewart, "Park City" beds on southwest flank of
Uinta Mountains, Utah: Am. Assoc. Petroleum Geologists Bull. vol. 23,
p. 88, 1939,

dap;uperate fauna,
A few of the species thus far reported seem to be restricted to one

part or tbe formation over the region. Thus far Waagenoconcha montpelierensis,

M osagensis, Composita subtilita, Rhyncovora taylori, and Nucula
nmtglierensis have been reported only from the lower part of the formation,
‘.uxi bl‘:mzo&ns Productus semireticulatus, P. multistriatus; P. (Avaxia!

m’ and Euphamites subpapillosus have been reported ouly from the

Upper part of the formation. Widespread faunal zones may be established
. faunal atudies are continued (and especially when more cephalopods are

d""’cribed) but such zones are not now evident,

I d



AGE
Most Permiam specialists now agree that the phosphatic shale member
of the Phosphoria is equivalent %o part of the Cuadalupe series and

’

rossibly part of the Leonard series as well (table 2{6.' The age limits of

/QReferences referred to in the table are as follows: Girty, G. H.,
Fauna of the phosphate beds of the Park City formation in Idaho, Wyoming,
and Utah: U. S. Geol. Survey Zull. 436, p. 10, 1910; in Richards, R. W.,
and Mansfield, G. R., The Bannock overthrust: a major fault in scutheastern
Idaho and northeastern Utah: Jour. Geology, wol. 20, pp. 683, 687, 1912;
in Blackwelder, =., New or littls known Paleozoic faunas from Wyoming and
Idaho: Am. Jour. Sei., vol. 36, p. 179, 1913; in Mansfield, G. R., Geology,
geography, and mineral resources of southeastern Idaho: U. S. Geol. Survey
Prof. Paper 152, p. 80, 1927. 3ranson, S. B., The lowsr Bmbar of Wyoming
and its fauna: Jour. Geology, vol. 24, pp. 660-661, 1916. Branson, C. C.,
Paleontology and stratigravhy of the Phosphoria .tomaticn: Missouri Univ,
Stndiea, val. 5, oo. 20-21, 1930; Fish fauna of the middle Phosphoria
tomuon. Jour. Geology, vol. 41, pe. 174, 1933, Permian sharks of Wycming
‘tnd 3&8t Graenland' Science, n. s., vol. 79, p. 431, 1934; Pennsylvanian
rmtims of central chming Geol. Soc. America Bull., vol. 50, p. 1200,
1939. Branson, E. B., and Branson, C. C., Geology of Wind River Mountains,
ﬂ”?': Am. Assoc. Petroleum Geologists Bull., vol. 25, p. 133, 1941. King,
R, E., The geology of the Glass Mountains, Tex., Part II, Faunal summary
ad °°1’£‘alation of the Permian formations, with description of Brachionods;
Texas Univ, Bull. 3042, pp. 30-33, 1930. Williams; James Steele, Sixteenth
Internat, Geol. Congress, Guidsbook 29, pl. 5, 1933. Miller, A. K., and

c‘imr L. E., The cephalopods of the Phosphoria formation of northwestern



ynited States: Jour, Paleontolozy, vol. 3, pp. 281-285, 1934, Mille‘r,

i. X., and Furnish, v. 4., fermian \mmonoids of the Guadalupe Mountain
region and adjacent areas: Jeol. Soc. America Jpec. Paper 26, pp. 9, 23,
28; 1940. B. X. Licharew, in Williams, James Steele, Pre~-Congress Permiam
:onfergnge in the U. S. S. R.: Am. Assoc., Petroleum “eologists Bull,

vel 22, p. 772, 1938, Baker, A. A., and #4illiams, Jame; Steele, Permiam

in parts of Rocky Mountain and Colorado Plateau regions: Am. Assoc.

Petroleum Geologlsts Bull., vol. 24, pp. 624-625, 1940. Franzel, H., and Mundorff,!
M., Fusulinidae from the Phosohoria formation of Montana: Jour. Paleontology,

vol. 16, ppe 675-68L, 1942. ‘hcmpson, M. L., Wheeler, H. E., and Hazzard,
J. Coy Permian fusulinids of California: Geol. Soc.. America Memoir 17,
p' 8’ 19“6.

the Phosphoria have not been established, but 3aker and Williams class
the underlying beds in the Park City Utah area as Kaibab (Leonard);
?anel and Mundorff define beds at the base of the Phoasphoria or top of
mderlxing Quadrant in the Three Forks,Montana area as Wolfcamp; and
'munandkmm{amve shown that the overlying Dinwoody formation in

"A. D. and Kummel, Bernhard, Lower uo—Triassic stratigraphy,

westemwyc A i;md southeast Idaho: Geol. Soc. America, e
p' 939’ 19“. | :ZE «.Lﬁ

P —

Sutheastern Idaho is lowermost Trisssic (Otoceratan), Baker and Williams
and later Frenzel and Mund rff recognized the possibility that the beds at
the base of rocks of Phoschorla lithology may not be the same age every-

w! .
®Te; the Present studies, which show tha*t the lower part of the phosphatic

T



TABLE 2.

PUBLISHED CPINIONS AS TO THE AGE mmm rzemm 1/

System Carboniferous : c"bg"m“;:"“n 8 or """1‘”
| Sarisa bl raniag

Fusyll d—ﬁ—- LAt il f;,—---xt -

Ammmonoid mon e l'dymnn__

airty, i910 ;| -—'Geacheliln"——-—

Qirtx,(;? 4 1912 3 = )

PArtinekian®

"Late Permeylvanian~iLowermost I-‘qm:l,ln'-“ﬁ : 7

. H
USRI ST S S —-——

Je Stecl o R — 3 |
‘Williema, 1332 ‘;‘ — 2
Miller apd Clinm, "iord"; "may be as old as Leciard™ - i
1934
o “Lower Permian"

E="l.ower tut not——i .

Flowermost Permian®—

snd Hazzard,

Thoqwo:;, Fhoeler

-y

- "Upper Wolfcamnian®™ but "yower than thq
F type section of the Wolfcesp fnmu.on"

yw,

-

ruse tne ~lasslxxcattou ot tne Permiesn has changea from time to time, the various sge atomnuou. espesici-

ly tuose mxpressed in terms of "Lower, Middle, or Upper Permiin, sre difficuit to compare witlh one unother. AB ‘sffort pas

been mude 1t
time, but,

1-,ical Survey has not made any official correlation of tne
tnlt given NHere is iaken from Csfe Mnhir,
Goolozicts 1. vole 24, pe 266, 1Y40. -

?gz,a_‘

shon tne ege 1imits us the wutnor inivoded tnem in terms of tne Permien classifiestion ia ui.:tgm 2% the

0 nvuid misrepreseatation of the suthor's opinion, his own dongnsuon 18 quoted wherever posalole, “Thu wwo—
provincial Peraian saries of siest Texws with tUiose ef &ush, o

Tne type Permians its olusinuuon uxl mrdaﬂma Ay ¢ M mlm )



3hale *o -hse south becomes more calcarecus and ocre like tne upper part cf
tne ‘2115, indicate thatv tnis Doswuibiiicy sheould te considered in further

wNC I‘:‘: -



LITHCLOGY

Comnosition

1ime, phosphzte, silica, carbon dioxide, orranic matter, magnesia,

glumina, iron oxide, and fluorine, listed in approximate order of abundance,

- (2%
1+

3

.icpn more than 20 other elements neve been rencrted,

Lvzizable to deternine the averzree com—osition cf the

.

. peurk idee of the rzie
s
e o~ - -~ Fad
. -w na had from the averare of &

sk -rincipel constituents of the vhosphutic sheale

tive pronorticns of some of the princir

- z+in shale rember et trench ID in the P
s:ict of eiements rencrtied from the phosph
czucz the inerel varticles of ine rocis

~ c¢bhscured oy orranic matter, trheir identi

LA 70
Vi~

cat t2 listed inscfer as

|5

Tr oy~ ~
Tilanr

T Te

-

~ember, hut in addi-

Znouth dota asre not

phosphxtic shal

Foy
-

bu

[

b4

rzl constituents

127.8 feot of the

U

hos-

ns, presented in tuble 2.

zlic shule 1s shown in tzble i.

¢ te

£
3

ad

to determine,

Tenmesition of 57 cmiyles ronrezentins 10708 fecer of Lre rhosphictic
e ™ < e S T emrt gmis B 1 /
oL € romDer O Tie SrOSrnOrle iornatlion Guoirencn .o /
.verage Laximmm linimum
(pzrcent)  (oercent) (percent)
L1 3.5 0.3
21,0 53 eC 3.9
3.0 5-0 OoL
3.2 6.6 C.k
1.7 “e Bl T.OL
K 3.8 TLTL
g Tt T2 -~ ~ e -
.. U GUPURR IR AR i e e/
~mniticen less 1% .€ 9.7 —.6
|/ samplze cclleciod & Cherles Deiss of ihe G=cloricel Jurveyy snulrses
— * - .
rvue by the Chemical Feszarch Loworatory of the Tennessee Valler uthcerity.
Too o tetel inicunes: of Lie vhoschitic shale mezber st this locelity is about
2T feet,  avoroerfmatolr Relf of tlhe pedc nct sanpled are described as slale
1 siltetcne ind e ciner helf s colcercous siltsione or limestone: @11



ire probably low in chosprate. Tlarzl.rz the avera~s r 2nd Cece comsaent of
tne member is lower tnan snown D>y the anzlvsa2s [the averare S-(z content is
sTobably abous 12 rerzent) and the ccontent of cotrer

LT .enrts 13 gomewnran

hicher.

Lime, pnospnate, carbon dioxide, maz~nesia and {luorine, mostly as
phosphate and carvonate minerals, mawe ud 5 to 77 nercert of tie prosthatic
shale memt:r. Two mineral forms of ohosphate are cifferentiable. The mest
avundant is an isotropic-aprearins mineral (Mnown from {-ray studies to nave

¢

the crys£a1 structure of apatiteﬁf?) des~ribed as collophane-ﬁy the otker,

/§] Herndricks, S. 3., ¥ill, 7. L., .Jacob, 7. D., and Jefferson, X. I.,
Structural characteristics of acatite-like substances and composition of
phosphate rock and bone as determined from microscopical and X-ray diffrac-
tion examinations: Indus. and Snrin. Chen. vol. 23, pp. 1413-1413, 1931.

[ﬂ l{amfield, {;c Ro, O o ‘:itc, ?o 567, 1927-

a birefringent mineral wnose optical crocerties, accordinz to V7. "i, Aubzy and

) e T:hScﬁaller, are those of francolite {10 CaC.3F,(5.CaF3.0C2),;% forms

20/ Sandell, Z. B., Hey, M. H., and ¥cConnell, Duncan, The composition
°#'f?QQCOIitef7Einéralogical Lar. pn. 395-L01, 193G.

————.

°9¥i%f5mall part of most of the phosphate rccic and is apparently secondary.
fnalyses show that the bulk of tie nhosphate rock has a cherical composition
sirflar, at least sualitativelr, tc fruncclite. W, W. Rubey found by netrc—
"ragkic examination that mest of tc carbcnzte rocks in the 3alt 3iver Zznge

it dolomite,

L7
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Table 4

Elgments reported from the phosphatic shale®
(listed in order of maximum amount reported)

Maximum Rock type or bed
(percent) from which reported
. 95 Chert (estimated)
522 Phosphete rock
38,6 Upper phosphate bed
38.6 Dolomite
25.8 Shale
170 7 DOlomite
12,6 Veanadiferous zone
7.0 Phosphate rock
5.0 Phosphatic shale
Lel Vanadiierous zone
3.5 Vanadiferous zone
3.2 Vanadiferous zone
2¢5 Vanadiferous zone
2.1 Phosphate rock
le4 Phosphatic oolite
1.3 Vanadiferous zone
1.0 Vanadiferous zone
0.6 Vanesdiferous zone
0.3 Clay; vanadiferous zone
0.1 Vanadiferous gone
0.07 Phosphate rock
0.068 Vanadiferous zone
0.05 Venadiferous zone
0.03 Vanadiferous zone
0.03 Phosphate rock
0,03t Cley
0,025t Vanadiferous gzone
0.006 Vanaditerous zone
0.003t  Vanadiferous zone
0.001#%  Phosphate rock
0.00026 Phosphate rock
0.26 (ox) Vanadiferous zone
tracex® Vanadiferous zone
trace Phosphatic oolite

Minimum Rock type or bed
(percent) from which reported
none Upper phosphste bed
1.4 Venaditerous zone

0.1 DOlmnitg
0.04 Vanadiferous zone
0.6 Phosphate rock
0.03 Cherty phosphate rock
Oely Limestone or dolomite
0.04 Limestone or dolomite
0.3 Phosphate rock
none Dolomite
0.3 Phosphate rock
0.06 Phosphatic oolite
none Calcareous siltstone
0.1 Dolomite ’
0.6 Phosphate rock
none Vanadifercus zone
none Phosphate rock
none kudstone

< 0,001 Vanadiferous zone
none Vanadiferous zone
none Phosphate rock
none Vanadiferous gone
0.C19 Ludstone

<0.001#% Phosphate rock
0.002 Phosphate rock
0.01 Phosphate rock

< 0,001 Shele

<0,001%% Shale, phosphate
0.001 Phosphete rock

< 0,001#%% Phosphate rock

< 0.001%% Vanadiferous =zone
0.00008 Phosphate rock
none Vanadiferous zone
none Cherty phosphate

WO, not found in spectographic tests made on about 75 samples from various
beas of the rhosphatic shale member in southeastern Idaho and western Wyoming;
Bi,0,,0d0, and HgO were not found in spectrographic tests on twe samples
from“the venadiferous beds.,

* The maxdmum and minimum values are probably of correct order of masgnitude
for the first 12 or 15 compounds listed, although additional anelyses will

probably extend them slightly.

The maxinmum and minimum values listed for the

other substances are based on too few ceierminaztions to be considered reliable,
** Spectrogrzphic anzlysis; all other determinations by chemicel aralysis,
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Fluorine in excess of that reguired in the phosphate minerals
(0.0892 P205) is generally found in western phosphatas 24/ and in many
places at lsast part of this fluorine is present as purple fluorite in
grains of both megasccric and microscopie size. The megascopic crystals of
fluorite, which are found almost exclusively in coarse-grained oolite or
pisolits, or in thin veinlets along joint planes, are saecondarye

Silicas, iron, alumina, and potash probably make up 20 to 35 percent of
the phosphatic shale as a whole. Silica is present as quartz, chert, and
in silicates, in combination with alumina and possibly iron. Detrital clay, »
quartz, feldspar, and mica have been identified microscopically by W. Y.
Bubey, but the quarts, feldspar, and mica make up a relatively minor part of
the phosphatic shale as a wholes An iron sulphide, pyrite, or marcasite,
is found in nodules underground in the @taed part of the phosphatic shale
in the Paris-2loomington area, but it has not been found at the surface thers,
nor in any other ‘per'b of the regicn. Brown, red, yellow, and green iron
stains a.nd coctings are abundant on the beds at the surface, however, and

m Wcially characteristic of the beds of the vanadifercus zone.

e matter makes up 5 to 10 percent of the entire ph°‘,§h‘tic"’hm~

"”b“r } 4 thc Pﬂosphoria but little is known as to its caqposiiion Somc
‘beds of the phcsphatic shale in Montana contain 25 to 30 gallons of distille .
“iqf'b;l' hydrocarbons to the ton 22/ but the only rocks in the southeastermn

—

2__!/ ' Mensfield, G. R., The role of fluorine in phosphate deposition:
. Jour, Sci., vol, 238, p. 865, 1940, Jacob, K. D., Hill, W. L.,
K;"hm» H. L., and Reynolds, D. 3., The composition and distribution of
g“"’P"fﬂte rock with special reference to the United 3teates: U.S. Dept. AgT.
fech, Eull, %‘6; P 866, 19‘&00 .
Beayes Bewsn, Co Fo, Phosphatic oil shales near Dell and Dillon,
m.’:‘“’“ County, Mont.: U.S. Ceol. Survey Bull. 461, pp. 315=320, 1918.
u{f““’ D. ., Q11 srnla in westarn Monlana, acutha_sta-n Icano end
; . 7Ll, op. 15=
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Idaho-western Wyoming-northern Utan area found to contain them were the rocks
of the vanadiferous zone in the Paris-2lcomingtcn area, which contain 6 to
10 gallons & ton and which contein enough total organic matter to ignite
spontanecusly under optimum conditionse

Efforts to identify the minerals containing the minor elements, includ=
ing vanadium, have not been successful, principally because these minerals
are so exceedingly fine~grained and so obscured by organic matter that they

carmot be studied microscopically. Positive identirication probably will

not come until special methads are devised for removing the organic mstter and
even then probably electron-microscope study w:i_ll be required.

Chemical analyses, interpreted by W . W. Rubey,indicate that the venad-
1@ is most probably in a clay mineral (hydromica), though it may also be in
2 ccnphx organic compound., Practically all of the vanadium 1s in the acide
Nlublc tra.ction of the rock; its amount increases roughly with the amount

3 °f ﬂ.lic& aaInbls in alkali after acid treatment, suggesting that it is associ-
dccmpcaablc silicate; and with increase in potash and H O+ ,

' ‘Mh uuzﬂ:m cmstituenta of hydromicss. On the other hand, it alsc

h h‘m roughlr vd.th 1ncraa.ae in amount of organic matter, though notabla

b 4 1003 lmgg!st that if it is an organic campound it is one of variab].c
wﬁiﬁiw. 'rhat the vanadium is not in the phosphate mineral is cort.ain,
riﬁ' ia mvj.mltric separation of the rock it is found with the lightest
it‘?ﬁnta (organic matter and clay) rather than with the heavi-est. part-
kh; (“UOPhane and francolite): and in a slze separation it 1s found with
‘“ fimat constituents (clay and organic matter) rather than with the
; orraest, (collophane and francolite),

Little 14 knowni about the chruma minerzl, btut the fact thet most of it
T
L2 13 ’::.
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and suggests that chrome ana vanacium might be in the same mineral. Some of
the other trace elements—arsenic, manganese, ginc, ana copper—asrs also in

the acid-soluble portion or the rock.23/

Secondary vanadium minerals, including hewettite(CaO. 3V2 5.9}{ 0),

pascoite (2Ca0. 3v205.1m 0) and sincosite (cao.vzo -P,0 e 5H,) 0) are found

in the sone of enrichment in the Paris-Rloomington area.
Rock tm;s

The phoaphatic shale member of the Phosphoria formation conslsts largely
of nonrcaiatant, dark=colored, carbonaceous phosphatic rocks that ars difficult
to nm. Tho principal rock=forming constituents may be considered as organic
uttcr, ﬁ.no-grained clastics, and chamical precipitates—dolomite or calcite,
°h‘1"5, tnd phosphate, Although some of the rocks are predominantly one or
another of these materials, most of them are mixturew. As shown in the classi=
ﬁcation used in the explanation to plates 1=7, four basic rock types are

P"!ﬁt: giltstone or mudstone, oolite, limestone or dolomite, and chert,

acme of the siltstones develop fissllity on weathering, shale 1s a

M f-!pck in surface exposures. The common mixturss are calcareous siltstone,
t mcmoua.ahale, aolitic siltstons, eolitic shale, golitic chert, eolitic
atic)‘_nnestone, cherty limestone, and siliceous siltstane. The relative
“'Ov_ft?»thc various rocks at several localities 1s shown in table 5 and
‘7" Gn alao by a study of the stratigraphic sections on plates 1-7, Sand=
ston 4005 not occur in the phosphatic shale in the area studied, and sand as

. u“"l‘ mstituent of other rocks is very rare.
Nearly all of the aolitic rocks are phonphatic, but not all of them are
Sodnant1y phosphatic, nor are all phosphatic rocks golitic.24/ The aolite

23/ Yensfield, G. Re, op. cit. Prof. Paper 152, p. 299, 1927.
ang 2%/ Gardner, L. S., Phosphate deposits of the Tetor Rasin area, Idaho
Wo.t U, s, Geol. murvey ull. 9iLa, pe 15, 194L.
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Table 5, Part I

Total thickness of various rock types of the phosphatic shale member
of the Phosphcria at several localities in
westarn Wyoming, socutheastern Idaho and northern Utah

South

Cotton- Dt Ua K Coal Coke~
Wood C. Canyon ville#
Pte ¥ Fte % Fte & Ft. % Fte % Fte F4

Non=calcareous, non-
phosphatic and non-
cherty rocks

Sllt.stonu

Pbo:pmtic, oolitic,
and pisolitic rocks
Solite and phos~

shate rock

Siltstone
Shale

Lirestone or dolomite
Celcareous recks
Lirastons or dolomitc

Golite and phoaphato

P siltstone

ua.atma"i" i
Calearsous and phoa-
mﬁimme e

Shale

376 3109 22,7 2.0 2846 2342 3643 35.8 19.4 13.7 30.8 21.0
2065 2245 22.7 2440 15.9 12,9 28.5 2842 9¢5 6.7 7ol L.8

11.1 91‘5 — — 1207 10.3 16.8 1606 909 7.0 23.7 1-6.2
1.0 1.0

43.6 37.0 31.7 33.6 19.2 15.4 17.2 17.0 65.6 Ab.é 41.6 28.5

175 14e8 23.6 250 13e3 1047 1hel 13.9 29¢3 20.8 20.3 13.9
el 12.3 667 7¢1 3.0 2.4 1.7 1le6 12,6 8.9 3.1 2.1
1147 9.9 le& 1le5 249 243 leb 1e3 20.5 14.6 13.7 9.4

32 2.3 4e5 361
19.0 16.1 35.7 378 7045 57.0 2.4 42,0 38,2 27.0 68.6 46,8
1009 502 9’0 7‘3 3369 2‘4-00 w-3 27.5

amentuey  Swem—"

18,0 15.3 30.8 3296 59.0 477 4Oeb 40e2 . eO 2,8 7.6 5.2
140 0.8 o= —=— 2,5 2,0 1.8 1.8 0.3 0.2 20.7 L4e2
25 1707 a9 2.3 2eh 2.6 1.7
e — 2.3 2.4 0.5 0.3

305 209 —

1he2 12,0 - ’ 2.1 1.k

2.1 5o Lol 503 5.2 17.8 12.7 2.9 2.0
2.1 wunam — 503 5.2 1)‘-6 1001} —— S
5.[& ‘Qolf S ma—— 3&2 2.3 2.9 2.0




Table 5, Part II

Total thickness of various rock types of the pnosphatic shales member
of the Phosphoria at savaral localiti=s 1n
wastern ¥yoming, southeastern Idahe and northern Utah

; Brazer Cald- Mont-

c.* Conda* well C.* es] pelier C.

t. % Te. % 7t. » . % 7t. %

t 7ia-calcarecus, DoR-

smosppatic and mon-

 :zerty rocks 18.0 8.7 19.9 13.4 46.1 32.4 29.9 18.7 22.2 1l3.8°
jilsstone o 6.0 2.9 1.0 10.0 37.3 =26.2 16.5 9.2 13.5 8.4
Shale Cop R 12.0 5.8 0.2 0.1 8.8 6.3 13.4 7.3 8.7 5.4
Qay o - em 3.7 23 e= == e e =T --
?ho:phatia,, oolltic. _ )
g1 giaoutfc ‘rocks %x2.7 25.7 140.7 87.6 69.6 48.9 107.4 60.0 47.2 29.3

{ lite and phos-

.aaze roek . , 14.8 7.2 15.8 9.7 14.9 10.3 43.3 24.2 21.3 13.3
sl.tstone 5.2 1.5 106.6 66.4 3.2 2.2 16.4 9.2 17.3 10.8
zale s1.9 10.7 1l.z2 7.0 37.8 26.6 39.5 22.0 5.7 3.6
“" : — | — . 703 4.5 - - — - - -
{ ..muoum-mmtg 12.8 6.2 -— — 13.7 9.6 8. 4.6 2,9 L8
| lalcarscus rocks: 110.0. 53.7 -— — 21.6 15.2 30.3 16.3 62.6 3.1
-,rnonau-aoxmta . 88.4 43.2 - — 6.4 4.5 16.6 9.2 29.8 18.6
$Uitstons = 19.9 9.7 — - 11.2 7.9 8.3 4.8 13.9 8.7

M. N o 1.7 008 - - 4.0 2. 50‘ 5.0 1809 11.8
Darty rocks 12.9 8.3 — e ow ww w= w= w= ==
 laspt o 10.0 4.9 -— P -— -- B
2.9 1.4 - S

11.6 5.7 — -- 5,0 3.6 12.0 6,7 28.0 17.8

7.9 3.9 —_ - 3 8.5 4.8 8.6 5.4

3.7 1.8 -— - S 3.5 1.9 19.412.1

* jﬁ‘)lphatl&’syﬁ;le nabar not mplatéi; exﬁ?med. |

33




or pisolite grains renge in size from 2 fraction cf a millimeter to more than
2 centimeters in diameter, zlthough those about 4 to 1 millimeter in size are
nost abundant., They are generally mocerataly spherical, althougzh in places,
such as at Laketown Canyon, Utah, they are conspicucusly flattened or irregu-
lar in shape, Indiviaual oolite grains are generally cemented by other rock
particles (as in shale and siltstons) or by phosphate (as is generally the case
in phosphate rock), but in some places they are loose and uncemented. Where
well cemented the phosphate rock is hard and breaks across the oolite graina..
Jolites m d:ifricult to identify where the rocis are unweathered. Thus, only
1, feet of t.he section measured in the 509 crosscut in the mine at Conda (pl.
5) -as_&éqcribcd as aolitic, compzered to about 67 feet in the ID trench, although

tre t.hickmes cf phosphatic beds and the total pheosphate content is about the

sams at the two localities,
The phosphat.c rccic develops a characteristic white or bluish-white bloom
on 'eathtring W. W. Rubey 23'/ has devised 2 method for estinating the grade
of thc,rock by dovnloping the bloom artificially. A drop of concentrated HC.
is plech on t.l;c rock and allowed to dry; if a white coating forms, the rock con=

: b].a mn'nts of phosphate and the more dense the coating the

phoaphatn eontsn'b. Bnbey first found that the coating developed
o3 ch! emtdning more thnn about 25 percent B.P.L. (rcughly 11,4 percent

iy
FPs) b’lt Glrdnor ,g_/ later found that although the white ccating forms on

v
. Tacks mumg more than 4O percent B.P.L. (18.3 percent P05}, it may or

2ay not tom on rocks containing 4 to 4O percent B.P.L. (1.8 to 13,3 percent
S}* dﬁpﬂnding partly upon ‘their porosity and carbonate content. During the

Freses '
5t investigation a faint ccating was considered to represent a PO, content

25
\

28/
\ ,;@f( Qubsy, We Wo, (Abstract of an informal communicaticn): Washingon
Tt bC‘J., \rC&. 23, CO L&' 2 19?3‘
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petween 5 and 13.8 percent; e distinctly white coating to represent 13.8 to
23 percent P2053 and a dense white coating to indiceste more than 23 percent
p205.

The fine-greined non—phosphatic, non-calcareous, and non-cherty rocks,
termed siltstone cr mudstone, cre generally very carbonaceous, soft to medium
nard, and modsrately thin-bedded, However, some of them, especially the cal-
careous ones, are ha:d and thick-bedded. Most of the mineral perticles are so
fine_grained that they cannot be distinguished with the naked eye, but ¥. %,
rubey, who has studied many of the rocks microscopically, says that the grains
are dominantly silt—sized and finer.

Soft, blzck, fissile shale is a common rock type in surfzce exposures,
put it probably is not present in the phosphatic shale membsr where the rocks
are totally unweathereds A good illustration of the development of fissility
or very thin bedding, 27/ which defines a shale, was found at Sublette Ridge
&nd in the Salt River Range. There the vanadiferous zone at the surface cone
sists of soft shale or very thin-bedded siltstone, but bsyond a distance of
ed>out 30 feet below the surface it i1s & very hard, massive siltstone contain-
ing only five to eight btedding planes in a thickness of 3,4 feet, The transi-
tion between the shale ana siltstone, which is abrupt, tekes place along a
plane parallel to the surface, The rocks at Conde show a similar effect. In
the section measursd in the 509.crosscut only 11 feet were described as shale
but in the ID trench over 50 feet of the section was found to pe shale, Fur-
tnermore, a crosscut recently completed on the 300~foot level at Conda exposes
no shale at 211, In fact, all of the rocks are much harder and more massive

than those on the higher levels, Lliost of the siltstone beds do not develop

29/ 1In this report (see explanations to pls, 1-7) thick or massive bed-
ding is defined as more than 0.2 foot thick; thin bedding as 0,05 to 0.2 foot;
&1z figsile a2s less than 0,05 foot thick; so far as known to me these limiting
““aensions have not been previously defined, That seiected for fissile may
® much higher than implied in ordinary uszge of the term.
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*issility on weathering. As suggestsa >y ~ubey 2§/ in stuaies of other rocks,
sne development cf fissility is probaply dependent on the presence of tlat
carticles, oriented 3o that their long axes parallel beddinge.

Most of the carvbonate rocks are dense, thicke-oedded, hard, and relatively
~esistant to weathering. In the Salt River Range, V. W. Rubey found, on
aicroscopic study, that most of the carbonate rocks are aclomite. However,
secause they are so fine-yrainea that they afiervesce with acid just as dc
limsf.qn:, they have not been differentiated in the risld. Rocks aescribed
as calcg.rcous are those that effervesce slightly or moderately on application

of concentrated HCl; they thus include manr rocks composed dominently of other -

ccnstituéﬁts, espacially silt and clay,

Chert and cherty rocks are not abundant in the phosphatic shale, although
they dq fon large portions of the Rex member in some places, Most of the -
chert and cherty beds are dense, thin-bedded, hard, and resistant to westhering,

Although moderate weathering moaifies the hardness and structure of the
rocks, it does not appreciably alter their color and chemicel camposition.

They becoms softer, more clayey, some develop fissility, and the iron sulphidn
"1110!’&1& are oxidized so that red, brom, yellow, and grcen stains are abundant.

but the rocka retain their dark-brown or black color. Continuod mathcring,

m“ver, Sﬁéf‘l}as is found in the rocks beneath the Terbiu'y eroa:lon aﬁrface,

has Prﬂnonnced eftfects on the appearance and camposition of th: rocks. The
®Tganic matter is completely oxidized and removed so that the rocka are white,

nﬁht'my, tan, or pink in color. The less soluble constituevzts, such as

F h°°phat°: are enriched as the more scluble ones, such as the carbonates, are

"oved; some of the more solubls ocnes, like vanadium, are carried down the

dip
® Of the beds and redercsited, Such a zone enriched in vanadium is present
\‘M

o :iéf-'/ Rubey, W, ., Litholo,fc stuiies of rine-grained Upper Crataceous
?“::‘ the Blsck tille re-ion: U, 5. Meol. Survey Prof. Paper 1654,
”.-*-0

e o0t

Ty

-3L-



sbout 150 to 175 feet below the old erosion surface in the Paris~Bloomington
area. The depth of weathering varies with the dip of the beds (greater where
the beds are steeply inclined or vertical than where they are gently dippins)
and with the texture of the rocks (greater in the colitic rocks than in the
siltstone or shale beds).

Topographic expression

Compared to the underlying and overlying rocks, the phosphatic shale
menber is extremely nonresistant to weathering. Generally.it.a position is marked
by a uoil;covercd valley between ledges of the more resistant Wells formation
and Rex member of the Phosphoria. In the few places where it is exposed, f.l';e
phosphatic shale member is readily recognized by its black or dark-brown color,
but in most areas the unit must be identified by its stratigraphic position
and topographic expression and by the presence of chips of darike=brown or black

oolite and shzale in the scile
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STRATIGRAPHY

The phoschatic chele memrer contains no major, well-defined units composed
wholly of one rock trpe ana co:tinuous over the region without change in
lithology, but for purposes of discussion it may be divided into & lower and
upper part, each ‘of which consists of a dominantly phosphatiec and calcareous
sequence overlain by less phosphatic, largely clastic or siliceous rocks. The
lower part includes the vanadiferous zone and all beds below it; the upper
part includes all the beds above the vanadirerous zone. The character and con-
tinuity of individuel layers at 64 localities are shown by columnar sections
on plata 1-7; in addition, the rocks at 13 of these localities are described
in the‘ appendix. Some of the areal differences in thickness and camposition
of the phosphatic shzle and various portions of it are shown in figures 2-5.29/

Tht correlations shcwn on plates 1-7 are based mainly on physical proper—
ties (thickness of beds, hardness, or resistance to weathering), camposition
(miphatc, carbonate, and vanadium content), and especizlly lithologic succes—
'ion. locally a few of the beds that are very fossiliferous (such as the
'“? 11159" in the Peale Mountains, the hanging-wall limestone in Sublette

*mdxu' md' one of the phosphate beds in the upper part of the phosphatic shale

7 t R:;ver Range) can be recognized on sight even though other beds

“‘Wupoaed, but most of the beds cannot be identified or correlated from

plgc to place unless several adjacent beds are exposed too.
m of the correlations shown on plates 1-7 are believed to be exact, for
: _>¢an be recognized from section to section over long distances,

'p“’im-! in a north-eouth diraction and in the upper part of the phosphatic

e ——.

‘l'aanY/ The {scpach lines on these mars are generalized to best show regioral
nct, reldan ¢y dlsregard local fluctuations and values which are ccnsidered

&% e ? le. As drawn the iwpacha e-~ necmassarily interprotative, but all
Yiora > "‘t‘a have besn shcwn %o 3llow “ne reader to mck= Jther {nterpreta-

LA S S i»—(,,.
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ghale member. However, other correlations (shown by dzshed lines) are approxi-
mate only and cannot be made more definite until more closely spaced sections

are available or untiid detailed faunal studies are made.

Lower part of the phosphatic shale member of Phosphoria formation

The lower part, (that is, the part from the base of the member to the top
of the vanadiferous zone) of the rhosphatic shale member varies in thickness
fror & minimum of 65.feet in the Salt River Range, Wyo., to a maxirum of about
155 feet in the Peale Mountains and Bear River Range in Idaho (fig. 2B).
1t consists of shale, siltestone, oolite, oolitic shele, oolitic siltstone,
calcareous siltstone, silty limestone, and cherty limestone. The relative
smounts of these rocks vary widely. In Idaho, nearly all of the rocks are
rhosphatic, and mediume-and high-grade beds of phosphate are found throughout
wne secticn, although the thickest and best are restricfed to the lowermost 50
et of the section. Limestone and calcareous siltstone beds are subordinate,
althouch they are conspicuous in excosures because of their hardness, In the
cplt River Range cherty limestone or dolomite, siltstone, and shale predomi-
nrie; phosphate in amounis greater than 10 percent is found only at three or
four horizons and only one bed, about 25 fest above the base of the phoe—
phatic shale, contains more than 25 percent P205. South of the Salt River
range, in Sublette Ridge, Tump henge, Dempsey Fidge and the Crawford Xoun-
teins, calcareous siltstone and cherty siltstone or limestone predarinate and
phoephatic rocks, non—calcareous siltsicne and shale are subordinztes.

Szlt river Range

The lower part is 60 to 8C feet thick in the Selt River Range. A bluck
shzle merks the base of the phosphatic shale in some areas, but elsewhere the
lowermost part of the phosphatic shale member, which coneists ot 25 to 35 feet
©f darkegray-calcareous or dolomitic siltstone &nd & minor amount of cherty

li-estone and oolitic shale, is fraquently mistaken for the Wells formatien, the

vipermost beds of which are also calcareous in this area.
C3e-
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A phosphate zone, about 3 feet thick, overlies the siltstane. Typically
this unit is finely colitic, but north of Afton, at the P and i trenches, it is
nor~colitic and in parts of the Swift Creek, Dry Crsek, and latarge Creek areas
jt is coarssly colitic or pisolitic and contains crystals of oparple fluorite,
Alternating teds of siltstone and shaleowerlie the phosphate, Two or theee of
the beds are generally phosphatice.

The vanadiferous zone, at the top of the lower part, is 3 to 5 feet thick;
it is composed of s=ix units which are Q.1 to 0.8 foot thick and contain 0.1
to 1.7 percent: V205. These units are remarkably persistent‘in vanadium content
in the Swift Creek, Dry Craek, and Cottonwood Creek areas, where the beds were '
sampled at intervals of 500 to 2,00C feet. They are differentiable :Ln the field
on the basis of physical properties but the distinctions between them are
slight and were not recognized during the sarly work in other parts of the
Salt River Range. Hence, although the vanadiferous zone as a whole has been
identified at many localities over the entire Salt River Range, the individuel
mits composing it have note

Sublette Ridge, Tump Range, Dempsey Ridge and Crawford Mountains

The Innr part of the phosphatic shale member is 30 to 150 feet thick
ia mutcm Utah and adjacent parts ot ﬂymtng. Many of the units found

1 the lmm- part‘ of the phosphatic shale in the 3Salt River Range are recog-

""ubll in the area to the south of the Salt River Range, in Sublette Ridgse,
"“%’ Bmso, Dempsey Ridge and the Crawford Mountains, but most of the units
ﬁ““' in f-hielcneas and genersl appeirances

The bas&'!. calcarsous siltstone of the Salt River Range has its counterpart

in

“eds which increase in thickness southward from ahout. 30 feet in Sublette

"s® 10 85 to 10C fa-t in the Crawfori Mountains and Dempsey Ridge (fig. 3a).

A .
“OU.h these bads are predcninantly calcareous they also contain several
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phosphatic beds, so that the sequence does not stand apart from the beds above
as it does in the Salt River Range, a3 in the Salt River Range the contact
petwaen the Wells formation is not easily uafined in many places, for the gray
salcareous siltstone beds at the base are not really typical of either the
¥ells or the Phosphoria.

The phosphate bea found at the top or the siltstone in the Salt River
%ange is also found to the south, but it ts not a conspicuous unit because
other phosphate beds occur above and below ite The portion above the phosphate
bed &= cquivaleut. to that of the Salt River Range decreases in thickmess southward

; from nearly &0 fest in Sublette Ridge to about 4O feet in the Crawford Moun= ~
tains (fig. ). The layers of hard, massive siltstone are more calcerecus
and more coud'gcucu than in the Salt River Range.

The vanadiferous zone is lithologically almoat identical with that in the
Salt Piver Rmpe. Seven individual beds are recognizable in the Sublette
md&‘ area and the amount and distribution of the vanadium is nearly the same

as it h 1n the Salt River Range.

Southeastern Idaho

mhﬁasttrn Idaho the lower part of the phosphatic shale member of
the ?hoaphoria is different froo that in Wyoming and northern Utah. It is

| t t° 165 foet thick (fig. 3a) and nearly all of the beds 3re phosphatic.

a“ h"‘l lilt-st.cnc is not recognizable at all=—in fact its correlatives can

ot b‘ m‘ntiﬁcd with certainty—-end there are soc many phosphatic beds that

i
t 1‘ difficult to tell which are correlative with thoss in Wyoming. As in

o ,MS» however, many of the indiviaual beds composing the lowsr part of the
Posphatic shale are recognizable over areas of several hundred square miles.

The boundary tetween the phosphatic shale and the aracerlying Wells foruma-

A PRI

tis
3 n -
i3 gener.lly ~lear cut in scuthe .starn Id-ho.  The top of the Wells

3



rormation is either massive, pale-rellcw quartzite or white or light-gray
limestone 2na the base of the phosrhatic shale memper is either dark—gray,
fossiliferous limestone or phosphate rocks

The lower phosphate bed, which lies at or near the base of the phosphatic
shals, is 4 to 8 feet thick and contains about 32 percent PZOS over the whole
of the scutheastern Idaho region; it i.; not found at all in the Salt River 3ange,
the Tump Hange, Den:pacy Ridge, or the Crawford Mountains but it may correlate
with a 2\-inch higb-grade phosphate bed at the base of the phosphatic shale in
Snbi'tto Ridga and, intcreating/‘nough, with a phosphate bed at the base of
the ncticn in the Wyoming Range, east of the Salt River Ranges The fossil- '
iferous "cup lime® overlying the lower phoschate bed extends over much of the

Peale l(mmta.ina, although Deiss 30/ recently found that it was lenticuler in

the D!ar Grock-lolla Canyon area sast of Georgetown. Other beds above the
‘eap lins“’f ha.ve a similar distribution and continuity.
\ The mndifcrous zone, which is prasent in southeastern Idsho, typifies

‘b'_‘mtmncas between the lower part of the phosphatic shale in southeastern

Idr.ho and 'nstern Y!yoming, for it is much thicker (8 to 12 fest) and mach

e 'l'he vanadiferous beds in the ‘Paris-Bloomington area comsist
ghologic units, each with a distinctive’ vanadium content:
koélite in the middle, and siltstone at the tope Possibly the

-Nlitc oy the
/mdzautaton bed.s correspond to/beds Just above those included in

?mdiforcus sonc 1n western Wyoming but because ths bads in the two areas
e
, 20 difrerent 1n physical character there is little basis other than vanadium
“tant,

ett on which to establish an exact correlation. Farther north in the Peale

Yo,
tains, the zone consists wholly of phosphatic shale which, excert for its

\

d
-9/ Delss, Charlas, Phosnrate denosits cf the Deer Cree'~/ells Canyon

!’-a
“, f!"“ T e v " ~ ; - 4
Su Couree, Idarc: e De Geolooasol onred, ronort ir prezaratlione
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higher vanadium content, much resemoles adjacent beds and besrs little re-
semblance tc the vanadiferous zone in other parts of the region.

Uprer part of the phospnatic shale member of the Phosphoria formatione.

The upper part (that is, the part abcve the vanadiferous zone) of the
phosphatic shale member increases in thickness southward from a minimum of
about 30 feet in the Salt River Rangs to a maximm of about 100 feet in thse
Crawford Mountians. It is camposed of two contrasting units, although they
are not everywhere sharply defineds the lower half is dominantly rhosphatic,
but also contains beds of limestone and siltstone, some of which are cherty
in Dempsey Ridge and the Crawford Mountains; the upper half contains a few. -
phosphatic beds in a few areas but for the most part it consists of non=-
phosphatic siltstone, which, in the Salt River Range, is cherty or siliceous.
Compared to the lower part, the beds of the upper part are very persistent
over the region studieds

E b , Salt River Range

In ﬁhe Salt River Range, the lower; phosphatic portion of the upper part
1 10 't.,‘ 15 feet thick (fig. 3). It consists of interbedded colits, siltstome,
and cllcareoua eiltstone., Most of the colite beds are phosphatic and dthough

jh" tha top contain about 30 percent P20 they are too thin to be nim.blo

’"Mcr prcscnt conditiona. Most of the beds are remarkably portiatent. _

l bhck, soft, poorly consolidatad oolits, 1 to 3 inches thick, overliea

" the 'amdiftroua zone throughcut the Salt Eiver Rangs and serves as a good

Rarker 1n 1o}ating the vanadiferous zone, The two phosphate beds and the
talcarsous mudstons bed that seperate them are also found throughout the region=
in fact, they, like the vanadiferous zone, extend over the entire area studied.

-

Te lower of the two phosphate beds corteins abundent specimens of Orbiculoidaa

o]

‘L7 averywhere in the Swift Crmek, Ury “rea%, and Cottonwood Creek arsas,

¥5.



The uppermost part of the phosphatic shale member of the Phosphoria is
maqe up of hard, grey, thin-bedded, cherty or silicmous siltstons, or hard,
gray, silty or cherty limestone that resarbles rocks cof the dex member.
2accuse the cherty siltstone is in places hard to distinguish from the Rex
its thickness is nct well imcwn, In the Swift Creek, Dry Creek, and Cottonwood
Creek areas, where the base of the Rex is marked by a conspicuous ledge of
aray, hard, fossilfierous limestone, J. D. Love and L. E. Smith found the
cherty siltstone to vary widely in thicimess—cbsent altogether in places in
the Swift Creei area and as much as 30 feet thick elsewhers (fige 3d). No
distinctive beds have been found in it in the Szlt River Range, but a phosphatic
oalite is found at the top of the division in the Wyoming Range and in parts
of the Peale Mountains.

Although the cherty siltstone beds are lithologically more akin to the
dex than to the phosphatic shale in the Salt River Hange, they are included in
the shale member, rartly because the seem correlative with soft carbonaceous
siltstone in the Peale Uountains, but also because their contact with the
Phosphatic beds below is poorly exrosea and therefore not mappables

Subletts Ridge, Tump Range, Dempsey Ridge, and Crawford Mourtains

| The phosphatic portion of the upper part increases in thiclcnesa south-
aru from a minimm of about 25 feet in Sublette Ridge to more than 4O feet
in the Crawford Mountains (fige 3c.) Most of the units are cont.inuoua with
those in the Salt River Range but inasmuch &s the units are all thicker ;nd
*be calcareous siltstons partings are more calcarsous and harder, the units

a
Te better defined and easiet to identify from place to placc t.han they are
in the salt River Range.

The oolits at the topr of the vanadiferous gzene in tha Salt River Range
i" r‘

gau-.

1170 at Cewkewille but iy ia sbgent in the othar arsas. However,

s -
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better one—a hard, mascive, fossiliferous (Chonetes especially sbundesnt)
gray limestone, 1 to 3 feet thick, that is present in Sublette Ridpe, Tump

Range, Dempsey Ridge, ana the Crawford Mountains, as well as at Chkeville,

where it overlies the oolite. The upper phosphate heds end the calcareous

sil?stone parting are thicker thar in the Salt River Range, The upper bed
has been mined at Sublette nidge, Cokeville, and in the Crewford Mountains.

The beds overlying the upper phosphate bed are generally concealed,
despite the fect that they 2re hard and calcareous, even cherty in some
placese Where they do crop out they do not form a wall or high ledge as aoes
the cherty limestone of the overlying Rex. They increas; in thickness from
e minimum of about 25 feet in Sublette Ridge to about 60 feet in the Crawford
Vountains (fige 3d). A few thin phosphatic beds are present in Sublette
Ridge, Cokeville, and Tump Range, but these ao not continue southward. No
other alistinctive beds have been found, but as this part ol the section has
been incompletely studies, other marker beds may be tound on further atudy,

| Southeastern Idaho

The phosphatic portion of the upper part is 5 to 20 feet thick in south-
eastern Idaho (fige 3c). In contrast with the lower part of the phosphatic
snale, many of the beds of the upper part can be traced irom western Wyoming
into southeastern Idaho, although they differ somewhat in thickness ana com~
position, However, the units are less well defined than in Wyoming because
211 zre thinner, znd the siltstone beds are softer, less calcareous, and more
phoavhctic than in Wyoming.

The oolite bed at the top of the vanadiferous zone extenas over much
of the area; the hanging-wall limestone bed can pe traced into Idzho, but it
{2 lenticular or concretionary there. The upper phosphste oed, the siltstone,
a3 phosphate bed bLeneath are found in southeastern Idaho, but because the

#iltstone pirting is thinner znd more phosphatic, the indiviaual phosphate

el
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beds are less pronounced than in Wyaming. +he upper phosphate "bed” as it
is mined at Conda includes not only the upper phosphate bed of the Salt River
Range and Sublette Ridge but several lower beds as well and it is thereiore
best thought o1 as the upper phosphate zoneld

The beds above the upper phosphate in scutheastern Idaho are 12 to 35
fest thick (fig. 3d). They consist mostly of dariebrown, soit, non-calcareous,
non~phosphatic siltstones which resemble the rest of the phosphatic shale
member, Several thin, phosphatic zones persist over muchk of the Peale Moun-

tains area, and one at the top, containing Omphalotrochus, is found throughout

the region.
Because of their soft, cerbonaceous nature the rocks of the upper pert
of the phosphatic shale are in most places clearly distinguishable from those

of the Rex msmber.

¥s




AREAL VARIATIONS IN THE PHCSPHATIC SHALE MEMPER

Although many or the individual layers of the phosphatic shale member
are continuous over areas of a rew square miles, over larger areas discon-
tinuities in certain layers and difrerences in others cause significant varia-
tions in the thickness and general composition of the phosphatic snale. Some
o1 these areal variations in the phosphatic shale have already besn mentioned
but because they oear on its origin they aeserve separate discussion and
SUMMATY e

nfortunately field observations on the composition of the rocks must be
substituted ft?r analytical data in comparing areal variations ot most of the
constituents. Comparisons made on the basis of such data are helptul in
recogniging the general order of magnitude of the variations, but because of
individual differences in the description of mixed rock types great confidence
cannct be placed in the results, especially as to local details. 34/

Thickness

The thickness of the phosphatic shale member as & whole increases west-
ward and southward from a minimum of about 100 feet in the Salt River Range
to a maximm of about 200 reet in southezstern Idaho and 225 to 250.feet in
Jeapsey nidge and the Crawford Mountains (fige 2b). Although nearl& mry
unit of the phosphatic shale is thinner, or at least no thicker in thc Sllt. E
River Bange than elsewhere in the region, a camparison of the thickness of

various parts of the phosphatic member shows that the westward and southward
Jh‘ .

N/ A study of the data leads to the feeling that the rocks of the phos~
Phatic shale member, probably like those of other formations, vary much less
than the deacription ot them. Personal differences in dessription can bd
Einimized in future work i meazurements are substituted for adjectives where
Possible and if various characteristics are systematically checked in aescribe
L€ sack rocks The observations thast appear most useful at this stage are
“nose as to phosphate and vanacium content” (which can be made by fiald tests),
Teaction of the rocks to concentrated 4C}, abunacance and size o1 oolites and
f°aails, thickness of bedding, and hardress or reaistance of the rocks to weath—
®rinv. Other details worthy of system:tic coservation in the tiela will
d7.5% 1225 he found on further work,

~1/7.
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increase in thickness is not proportionately the same throughout the member.
Thus a comparison or the thickness of the beds equivalent to the basal siltstone
and phosphats and overlying phosphate bed of the Salt River Rangs, 32f shomn

in rigure 3a, shows that these beds are thickest in the Crawford Mountains and

Dempsey Ridge ana are not greetly different in thickness in some places in
southeastern idaho than they are in the Salt River Pange. The peds squivalent
to those between the phosphate of the Salt River Hange and the top o1 the vana-
diferous sone in the Salt River Range, shown in tigure 3b, are thickest in
Idaho and actﬁall;' decrease in thickness southward from Sublette Ridge. The
thickness of beds between the top of the vanadiferous zone ana the top of the
upper phosphate bed (fig. 3¢) is about the same in southeastern Idahc as in
the Salt River Range, but increases regularly southward fram the Salt River
Range to the Crawford lountaina, This is true also of the thickness of beds
above the upper phosphate bed (fig. 3d).

Composition -

The major constituents of the phosphatic shale may be classed genetically
as dct;f%tna, organic matter and chemical precipitates. Moat of the differ-
ence inthicknoss in the phosphatic shale are cuased by difrerences in :ha
nlatiiu“{;;in‘:ounta of thess major corstituents and particularly in the relative
wount of the chemical precipitataes, | |

S “ Phospheate
Th‘f:otal amount of phosphate in the phosphatic shale increases westwarde

o |
Ugh beds have been chemically analyzed for phosphate at several localities

e, »

wcﬂré%/in gzcause !tha correlations of these beds in southeastern Idaho are
trey are be]:_ thicinesses shown in figures 3a ana 3b are approximste only:
sved to indicate general orner cf megnitude, howsver,

S
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in the Salt River Rangs ana the ncrtnern part oi the Peale Mountains so that,
by estimating the phosphate cortent of a rew beds at each section, the average
Pgos content or part or all or the member can te estimated (tabie 6). These
estimates show that the phosphate content in the northern part o1 the Peals
Mountains is about double that in the Salt River Range.

The westward increase in total pnosphate is brought about by an increase
in the number ana thickness of high~g¢rade beds (table 6) and by a general
increase in phosphate content of the other beds as well. (fig. 4a). Thus in
the 3&1’: “Rivar Range a total thicimess of 5 to 13 feet contains more than 23

| ptrcent ons compared to about 35 feet of more than 23 percent PZOS in the '
northern part of the Peale Wountainss Similarly the thickness of beds contain-
ingmrc .t’ha.n 5 percent PZO 5 (which has been taken as approximately the minimum
Inountthat can be detected with the spot tield test for phosphate) increases
'!at'qrd from about 7 to 38 feet in parts of the Salt River Range to about 140
feet at Conda (fig. La). 33/

| A incnasa in phosphate content in the Peale Mountainsover that found

SO
e

" in thtSaltBinr Range accounts for nearly half of the westward increase

in thiciness of the phosphatic shals member, Calculated as lOCaO.3P205.ClXF20021
i: believed to be the approximate camposition of the phosphate minerals,
and” anowing for a difference in density o:r the phosphate kpi.naral (uaum&d to

be 2,¢) from that of the other rocks (estimated at 2.4) the section at the A

Outaina the equivalent of 12,2 feet of phosphate compared to 46 feet

g

l\! ID,

Calculated as phozphate rock, containing 35 percent P2d5, and meking

—

are bw On figure La the values shown at Conda, ID, A, C, D, Fy I, H, and SCA

o asad largely on chemical analyses, supplemented by estimates, based on the

. Cription of the rock, on these szmples not chemicelly analyzed. The tigures

p‘;o'im &t other localities represent the total thickness of rocks showing a
9itive reaction to “he HGI spot test alreaqy described.

.52
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tne same allowances for difference in density, the section at A contains the
aquivalent or 14 feet oI phosrhate rock compared to 2hout 52 reet at IDe There-
fore, oI the aifference in thickness between the two secticns (about 80 feet)
tne phosprcte alone acccunts for 42 to 48 percent, depenaing upon which method
of calculation seums most ressonasble. 7The comparison may oe strengthened by
using the average of several sections, such as can be aone ir the beds above
the upper phosphate bed are exclideds The Salt River Range sections (table é)
contdin the squivalent of an average or about 13 feet of phosphate, calculated
i as 10030.9205;63?2.002, or about 14 feet of 35 percent phosphate rock, compared
to about 42 fest, calculated s 10Ca0.T,04.0aF +C0,, OF about L8 feet caleu=
iated as phosphate rock at Conda and ID. The phosphate thus accounts for 37
to 4i percant of the difterences in average thiciness between the two areas.
, Areal variations in rhosphate content similarly account for eome of the .
¥ Aaresal variatione in thickness cf the vanadiferous zones. As shown in figure 5a
the thicimess of the vanadiferous zone increases westwerd from 3 to 5 feet in
Toaing to 6 to 12 feet in Idaho. The P,0; content similarly increases from
1to 2,5 percent in the Salt River Range to 10 to 23 percent in southeast.cm ,
ldaho, Ah trenchea H, I, M, and A in the Salt River Range the vanadiferoua |

R A

sona anrugaa 3.4 teet in thickness and 1.3 percent Pz 5 Calmlatod as bafore,

i

b, ﬂlo'ing for a lighter density of the vanadiferous rock (2.2) the phosphate

3

anstituent is equivalent to 0,09 to 0,1 foot, At Conda, where the vanadiferous
¢ is 12.1 t‘ect thick and conteins 17.7 percent P205, thc phoaphate is equive

ang
to ‘“2 to 4.6 fent. Therefore, the phosphate alone accounts for A7 to

l!

-2 FeTcent of the increase {n thickness »f the vanadifercus zone at Conda over

t,
2t in the sa1e River Range.

(1



am———— M $
. H I ] M -
. i .
2 va 3 - : ? ‘ te
- 2 2>
2 ': s \ DN ) »
: >, > | 5 3 o -
LI a ~& . | - - a !;' P b \:‘./
“e a a_s : § ~ - o, oad PR S L.
@ CRES ! *:‘04 ! i ° > s ! T N
H ~.0
. ae . - . e
i 9 1 «
%4 . ; R . s 1 -
R .
o “ 39 2 > 1 @ - : oo . ° °
o o" 1 o 7
i ]
H o
N ) ' .
- . ° a-* - ) K ° o~ "4
o 3 L N o o
. LI IDAKHO * N 2 ar
¢ . B >
tDAMO . i
} i
ora . somre 7
; ~2m2 Y WYOMING
. - i
YR —=0r8v.O YT
% N v s g ] :
LW N ! 8
.o ; OMING " ! 2
: . ! \
. . ° -
, e ot ; a.,, * S0
! “ ‘ * o
- —— —— e
1 1
: : |
H i
{ N LR ~‘,\° CDATY -
¢ L i ° i o7
;» u TA H Co U TAH : " Pentatty ROt 1ehsee BRCBUSE OF leacting
1 3 £ast peecatian H Swde uncesn, l or tsutt.ng
? - 3 i . stated H
s 1ve ? T R T FIE® L e o o sert of secton ~of SewTRares
f X l ty crem-cor anewers
, { H
o 0 ] 30 Ve K3 10 k. 30 Mo
. a b
m————— L H a2 [
. A Thckness (feet) 8. Aversge V,0, content ipercent)
.
(? -
;
fon v i ®0 " 328 ’
B ' ’
3
° 9 ’ . 1 & ner
: Ve ‘ ;o ®1&0
/,’ s @%r. il
.
i 2 e /’/ ‘ . ‘=° °
LS
i O } fg @ ouram PTIVOH
E i _.-oY® . > 3
H - 02, 1%t t ; agi il
) d 190 gzu,q.‘: :lr\u'. -
L ! IRAARS] rLs e
£ . . vy
s @LnY . g~ 440 frcsie e ‘ 7 S “?-?‘r PR
7 . i
L Gcere
- i @i 5 46
l‘ nyan g
e* W o
°
LR TY IDAKNHO EESTEC ST
/
// '
i
3y o8lte
gﬁ"'p. |
-V ezt
...._.-.-.4/ I"‘“ i
130 ®
et
ing : WYOMING
® 210487 ’
°
H e
‘ 1% 6ie
'
b e e e+ e n o4 —a
| -
L_aomtt
._..._,-T
] R ! o:rcfx,/’
. . N P
' L__.‘ ovev:0e
! Bragesrs net 1 47ie Becoune o UTAH —- B T Bingan s A TaLe0i8 e sure o se - ng
H Saching O ‘euiting AR )
H .
sore ‘ wroe ! FReaBarn rl gk meds corten of W
. her 5 pereent ¥,%,
N
{g I o 20 muer L 0 b 32 oty
. A N on
L o _ .
< ""‘ww«m (foat x percent V 0.} O Tchress and rar-adium ot most part of vanediferous

2004, L ng atl Deds contasmng more than 0 3 percent v,0.

Ma03 51 western Wyoming, southeastern idsha ard fGreherm tan show . § areal differences in thickness

and vanadium content of the vanas:ia ., (one



Calcarecus sediments
The total thickneas of calcareocus sediments increases southward,

as shown in table 5 and figure 4b.3% 1loreover, the tiickness of lime-

Ed
34/ Calcareous rocks which are also cherty are not included in the

values shown on figure UYb but are inciudea with other cherty rocks shown

in figure ic.

stone or dolomite also increases southward: 0-5 feet in the northern
part of the Salt River Range, 34 feet at Coal Canyon in Sublette idge,
40 feet at Cokeville, and 85 feet at Brazer Canyon. A ntud} of plates
3 and 7 shows that the southward increase in thickness of wvarious parts
of the p;osphutic shale, particula:rly the part above the wvanaaiferous
zone, is caused in part by an increase in thicsness of units which are
dominantly carbonates and by the addition of others, such as the hanging-
wall limestons, which are not present to the morth. This is well shown
on plate 7, where such beds as the hanging-wall limestone are seen to
decreaae in thickness westward, become lenticular, and nmlly pinech
out.. ; ; § i
ﬂle thic!mess of calcareous rocks found in the Ua section and in
tha trench at Montpelier Canyon may not be strictly comparable to that
tound ‘at the other l:icalities. The Ua section was measured at a natural
313031111 nnderneath a waterfall and the rocks there might contain secondary ;
mbom“ or, on the other hand, the rocks might be less weathered and
thus contain more of the 1ime originally present in the rocks than do
those at other localities. ?Another waterfall exposure, at A {not shown
1o table 5 or f£1g. 4b but shown on pl. 1) also contains more calcareous
deds (42 feot out of 93 fest exposed) than are found in adjacent areas,

[ mn Tyre Ui s tunwa . ompg ~a-a weathersel anl coatair zelsnasry
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1ime (caliche} in the form of thin veinlets and coatings.

Chert

Chert and cherty beds are found only in the eastern and southern part
of the region and are absent in the rfeale Mountains (table 5, fig. 4c).
Chert is a major rock-forming constituent of the Phosphoria formation, but
it is of relatively minor importance in the phosphatic shale member. In
most places 1t 1s restrictea to the uppermost and lowermost parts of the
pnosphatic shale, but in the rsris-Bloomington area mhérd, brittle, thin-
bedded chert, 15 feet thick, wnich resembles chert of the Rex member of the
Phosphoria in the same area, is found a few feet below the vanadiferocus _
Zoue. A camparison of the sections in the Salt River Renge shows that the

thickness of cherty beds varies considerably over short distances.

ovetritus and orgenic matter
Percentage-wise, the relative amounts of the non-phosphatic, non-
&alcareous and non-cherty rocks decrease westward and southward (table
5, fig. 4d). However, a camparison of the actual thickness of theae sed-
tments from place to placa’ suggests that their thickness varies less than

that of some of the otaner rocks and that the percentage variations result

‘mytmm increases in other constituents, notably lime and phosphate.

It ‘h; thickness of the mon-calcarecus, non-phosphatic, non-cherty sediments
is o I'Ongh measure of the detritus and organic matter, it may de eoncluded
t2at the amounts of these materials are more constant than those of the

themical precipitates.

Fluorine
The total amwunt of fluorine increases westward with increasing

7 i0ipLate optent but tho fiusrine~rnozpnate ratis 3deems to oe nipgher in

&7



Wyoming than in Ideho. Insufficient data are at nand to prove this con-
clusively but the evidence for it is twofold. Megascopic crystals of purple
fluorite, whict mey be 2an index of a high fluorine-phospoate ratioc, have
peen found at numerous locelities in the Salt River Range, Sublette Ridgs,
and at Cokeville, doth during the present investigation ana aQuring earlier

work 35/ but none have ever been reported from the phospnetic sbaie in Idaho.

45/ Gale, H. S., and aichards, R. W., op. cit., Bull. 430, p. 464, 1910.

In addition geveral analyses of phosphate rock show the fluorine-phosphate
ratio to be higher at Cokeville {average 0.117) than at any of four Idaho -
 localities (average 0.110 at Montpelier Canyon; 0.108 at Paris Canyon; 0.108

at Conda; and 0.108 at Georgetawn):?_‘/ These analyses are not strictly com=

J_y Jacob, K. Do, Hill, We L.. mﬂhau' H. L-, &pﬂ ReynOIds, De So,

op. cit., p.36.

n&rahic beeanae the Idaho samples are probably from the lower phosphate bed

. Cokeville samples are probably from the upper phosphete ped. However,
th wnelusion 1s further supworted by 21 apalyses of samples from beds of
' nt phosphate content in the Salt River Range which show an average
lmﬂne-pﬁosphate ratio of 0.¥113, and by 57 analyses representing about

.urf tho phospbatic sbale at the ID trench in the Peale nountains,

,‘hieh show an averags of 0,104, Whether or not there is any rol,atlon between
_“0 lower average phosphate content in Wyoming and the excess fluorine is not
h‘"‘m, but 1t is interes$ing to note that fluorite has also bsen found in the °

Montana phosohate rock 37/ whers the total 9205 content of the section is also

————

37/ ZIacob, Hill, Marshall, and Reypolds, idem. uanstield, G. &., op- cit.,
b, 366; 1:,190

[ Pe———



Vanadium
The vanadium content of the vanadiferous zone ovsr the region as a
wiole ranges fram less than O.1 to more than 1.0 percent v205 (rig. 5b).
Samples taken at intervals of 5 to 2,000 feet in the Paris-Bloomington,
Sublette Ridge, and Swift Creek-Ory Creek-Cottonwood Creek arsas show that
variations of nearly this same magnitude are found locally as well as
regionally (table 7). Plainly tbe nature of these local variations in

vanadium content must be understood before the regional variations can be

understood.

¢

Local variations.—Only a small part of the variation in vanadium

content can be ciaarged to errors of analysis and sampling. Analytical errors

were guarded against by making duplicate analyses, by the same method, of

all samples collected during the intensive phase of the sampling program

and by making repeat analyses when the results did not check within 0.05

percent Vz°5? as a check‘on sampling, the ¥yodak Coal and Manufacturing

Co. collected 55 samples during the work at Sublette Ridge and the results

showsd that 30 percent of the samplas contained idemntical amounts of vanadium;

80 percent differed by less than 0.10 percent VoOs; and none differed more

than 0.30 pareent V.05 '
4Loc;£:{f;i'1fﬁr;rences in vanadium content are caused by weathering or deforma-

tion in same places, :but variations attributable to these factors are not

included;j.“n the va:;latidna described. Leaching and enrichment cause same

of the dirro"z.'{encesiin ‘the vanadium content of the vanadiferous zone near the

surface in the ‘Pﬁris-aloomington area, where tne phosphatic shale lies beneath

the Tertiary erosion surface. However, such effects have not been found in

_the other areas and not all of the differences in vanadium content of the beds

12 the Paris-Bloomington area are secondary. Omission or repetition of beds

“iTougn fanltin - ¢:ut s variatisng in veas 1 ontant of thw zZonr w9 1 snolo

sy
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pecause each of the indiividual beds of the vanadi ferous zone is different in
yanpadium content. However, the effects of weathering are generally recogniz-
able. In areas waere the individual units of the vanediferous zone can be
recognized in ths field cmission and duplication of beds can also be detected.
Part of the variations result from aifferences in the relative thick-
ness of the individual beds from one place to anotner. This effect may be
produced by differences in the relative thicimess of individual beds at the
tm of deposition or through later deformation, but that its contridution
to tne observod loeel differences is important was found in the Sublette Ridge
urea, where the vanadium content of the jndividual beds is much more constant
than their thickmess.
ncept for veriations due to weathering or deformation, most of the
loeal nrnnons are of & random neture and cannot be directly related to
geclogical conditions. The veriation in vapadium content seems to center
!bont a mean; the smaller the area sempled, the less is the variation and the
“rongar the central tendency. This may be seen from 2 study of table 7.
'ﬂlt nriations in vanadium content over the region are nearly equally dis-

o tributod trcn 1ess than O.1 to more than 1.0 percent, although about half of

‘ﬁt nmplu fall within the range of 0.4l to 0.80 percent V05, In the

3 Snblotta : ;d@ area as & whole the range in V205 content is about 0.4 to
b about two-thirds of the samples fall within the Tange of 0.71 to

1.0 parcont' m the Swift Creek, Dry Creek and Cottonwood Creek areas the

mﬁiun eontent of the vanadiferous zone renges from less than 0.4 to moTe

tm 1.1 percent but more than two-thirds of the ta.mples fall within the
& %

limita ot 0.5 to 0.80 percent. Cerrying the analogy to sun smaller areas,
in Adit RN (580 feet in lensth) in Subdlette Ridge the yanadium coptent ranges

fram 0.4 to 1.0, but about o9 percent of ths samples TARZ® from 0.91 to 0.90
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content ranges from 0.5 to 1.0 percent, but o2 percent of the samples rangs
from 0.6l to 0.90 percent V2°5°
The local differences in vapnadiun content tend to cancel each other,

so that the averags grade remaing constant over areas of a few square miles.
This is shown by table 8 which shows that the average vanadium content of the
zone in componsnt parts or blocks (defined on the basis of geological struc-
ture and geography) of the Swift Creek, Jry Creek, and Cottonwood Creek areas
is not significantly different from the average of the zone over the area as

a Iholﬁ ® "~

Table §
Average vanadium content of the vanadiferous zone in cauponent parts

of tim Swift Creek, Dry Creek, a;nd Cottonwood Creek areas, Wyo.

. F Number of Length of outcrop Average V. 0 content
Part samples (miles) (perceat)
A 10 2.0 _ .60
. B & Z n’u .Q‘
D 0.5 .70
B Z 1.2 .Zs
s = 5 2.0 .
G 10 2.8 .g
B 9 3.9 -65

Sig ticanc- of local variations in interpretation of regona}. variatiens.-

The vd.do renge in vanadium content of the samples fram the region as a whole

and thoi 7 weak central tendency refiect true areal variations in ths wvanadium

.eontont bnt the variestions in vanadium content of samples fram smsll areas .
show that a minimum number of samples must be analyzed bdefore the vanadium
content may be determined in any area, regardiless of its size. In the Subletc;
Ridge area; this minimm number of samplss was found to be seven or eight,
for where the avarage vanadiunm content i3 based on fewer samples the result
112fars ap,; 1ciably from the =2v:rm.u varmdiim content basud on all availabls

At
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Considered in this light, of the wvalues for vanadium content over tie
region as a woole, those obtained at the faris-Bloomington, Subletts Ridge,
and Swift Creek, Jry Creek, and Cottonwood-Creek areas, which are based on
sundreds of samples can be accepted as representative of the vanadium content
of the vanadiferous zone, but the values obtained at other localities cannot

be taken as ropresentativoﬁ_’j/ Some of them might prove to be close to the

3§/ The values shown for Bloomington Canyon and Coal Canyon on figures
S, b, o, andwd are the averages of all samples available from those areas.
The average yalues of all samples fram the Swift Creek, Dry Creek, and
Cottnwood Creek areas, which are not shown ox; these maps, are as follows:

avenge‘x thicknels of zone ,' 4.1 feet; average V205 content, O0.71 percent;

average feet X percent 2.90; average thickness of best portion of zone,

e i

2.1 feet; averags V20sq content, 1.07 percent.

"Onse for that area but most of them would deviate from that average
‘Pprtciably. _However, the average of several samples from an area of any’
Mienlar aize assumes more significance, increasingly so as the number

of annples increases and as the range in vanadium content decreases. #kere

Wssible. thererore, it is better to consider the average vanadium content

e

of groups or geog,raphic clusters of samples rather than that of individual

““Ples. This nas been done in drawing the lines of equal thickness and

b

% vYanadium content in rigures 5a, », ¢, and d; houver,. samples such as that
: from Brazer Canyon and the South Fork of Cottonwood ci-eek, which are

x geographically isolated, have necessarily nad to be corsidered represen-
tative, )

Regional variations.— The average grade of the vanadiferous zoms, 0vVer

tae rezion u3 a whole, is highest in a belt that trenis port-.eastward, and the

43



average grade decreases nortawest and southeast of this belt (figs. 5a end B)e
Eowsver, the total amount of vanadium, as camputed by multiplying the averags
¥:04 content by the thickness of the zone (feet-percent) is greatest in a belt
that trends east and decreases northward and southward fram this belt (fig. SS:).
Thus the areal variations in vanédium content are both real andi apparent.
The actual pounds of vanadium deposited in the srea encompassing Conda, Swan
Lake Gulch, Caldwell Canyon, and Deer Creek in the Peale Mountains is approxi-
mately the same as, if not slightly more than, that deposited in the Swift
Creek, Dry areek. and Cottonwood Creek areas, but because tha thickness of the
one iﬁ greater in the Peale Mountains than the Salt River Rangs (due in a
large part to increased phosphate content, as already shown) the average grade
is actually lower. But the total vanadium content (toet—percent) is also mych
S!'Oater m the Paris-Bloomington area than in either the Peale Mountains or the
Selt River Range, and much less in the- area encompassing the northern part of
the Peall..e’ Mountains and Reservoir Mountain, the southeastern part of the Salt
"1:;_3,1“: Rangs, the Wyoming Range, and the Crawford Mountains.

. Araal variations in vanadium in the vanadiferous zone are thus at least

m! independent of variations in phosphate, but data are not available on

S ‘h‘ mPOsition of the vanadiferous beds, ( especially 1n areas where the ever-

’ta- 'anadium coutant is low and therefore of little direct economic tmportanco)

T to Pmﬂde a basis ror comparing the areal variations of vanadium to that of

’°‘h0r const.ituenta.
I‘ @neml the vanadium content of the entire phosphatiec shale member

13 high where the vanadium content 0% the vanadiferous zone i{s high and low

*ere ths vamadium content of the zome is also low (table 9) . The occurrence

°t
* vYanadium is thus analagous to that of the phosphate and carbonate, each

ot
waich are mo3t abuncnnt in those sections containing the thickeat phosphate



Because of the relationship between the yanadium content of the vanadifer-
ous zone and the vanadium content of the phosphatic shale as a whole, the
areal variations in the vanadium content of the entire phosphatic shals member
are similar to those of the vanadiferous zone (table 10)— the phosphatic
shale member contains the most vanadium in a belt trending eastward through
the center of the region and the vapadium content decreases to the gouth
(data are not available to demonstrate the northward decrease in vanadium

content found im the yapadiferous zone).

o«
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Table 10

Total vanadium content of the pnospnatic shale member
of the Phosphoria foruation at seversl l.calities in
western Wyoming, southeastern Idaho and nortoern Utah 1/

Feet
x

Feet; percent

‘Salt River and Wyoming
Xanges, Wyaming

South Cottonwood Creek 45.9 1
17.7
22.9
22.5
27.0
15.3
23.2

s

25.5
‘§:§

o
. “ e 4 »
AFUANN KOO0

LV:] Mg
ﬂ;Ns oA
HO3FOOn &R oL LN

Sublette Ridge, Dempsey
Ridge and Crawford Mts.

Coal Canyon 4.8 10.7
Cokeville 18.2 3.5
KX 4.6 2.2
Brezer Canyon 10.1 2.0
Southeastern Idaho

Conda 26.3 6.9
Caldwell Canyon 30.2 6.2

- ID . 41.8 11.7
Swan Lake Gulch 26.1 10.2

. Montpelier Canyon 21.1 2.9
7.3 16.8

Bloomington Canyon

"% 1/ Most of the beds of the phosphatic shale member,
excluding the vanadifercus zone, have been tested only by the
field test, which gives results consistently correct as to general
order of magnitude when vanadium is present in emounts greater
than about 0.1 percent V,0.. As there is thus no reliaole

method avajlable for compu?ing the vanadium content of the beds
containing less then about 0.1 percent V,0. they are not con-
sidered in this sumuation. About two-th%rés of the sections
listed have not been completely sampled, although probably most

Of those beds not sampled contain less than U.1 percent 7205.
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QRIGIN
The origin of the phosphate dsposits has arcused the curiosity of
pearly all who pave haa occasion to stuay them. Witbout attempting @

sumnarize the views of each, as has been ably done DY Mamfiold3_7/ and

7/ Mansfield, G. R., Geography, ge0logy, and minerel resources of
part of southeastern Idaho: U. S. Geol. Survey Prof. raper 152, pP. 187~
158, 561-667 1927; The role of sluorine in phosphate deposition: Am.

:our; Sci., yol. 239, pp. 863-679, 1940.

Pardee@, 1t may be said that all now agree that the daposits are marine

g; m COndit, D. C., Finch, E. H., and Pardee, J. T. Phosphate rock

in thh Three Forks-Yellowstone park Region, Mont.: U. S. Geol. Survey Bull.,

79‘5., pia;. 151-166, 172-176, 1927«

u:d that tho phosphate deposits are synsenotic--tmt is, they were deposited

o tha _"'bottm at the same time as the enclosing rockse. Most asuthors are '

Mther agroed that the Phospboria accumulated slowly 1n a shallow sea of wlde

tnat poor circulation developed anaerobic conditiona on the bottcn

‘“ the time of. depoaitlon. Although oginion has diverged widely on the

of tho phoapha.te, 1ts manner of precipitation, and depoitioix,
"covnsidered that orgpnisms played an important part in 1ts

and that thn condtt:.ons shich brought about 1ts sccumulation were
183 some way to the Phosphoria sea.

'ﬁjleﬁf‘t:ri)gin of the trace elements, many of whicb have been recognized

since 1912, has not been considered by esrlier writers, sxcept that Mansrield#// ¢

4/ uansfield, G. R., OP. cit., Prof . Paper 152, P 212, 1927; op. cit.,

~u. Jour. Sei., 19)4-,0,

—————
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suggested that the chramium mizht have been derived from the erosion of
a land area that contained basic igneous rocks or that it might have
accunulated from cosmic dust; ana taat the fluorine mignt have been
jerived from volcanic activity in adjacent regions.

The origin of the phosnnatic snale is a camplex paysico-chemical
problem that will not be solved until the factors controlling and effecting
the solution and precipitation of its wvarious constituents are understood.
The present work, which is largely a fiela study, contributes nothing new
to the chemigtry of deposition. However, a statement of the problem, by
sumary and discussion of the observed features of occurrence and dis-
tribution of the phosphatic shale that must be reckoned with by any |
comprehensive theory of origin, may contridute to an ultimate understanding

of the origin.

Summary of features bearing on origin

i. The phosphatic shale 1s composed of a diverse sssemblage of more
than 30 elements, 29 of which are found in the vanadiferous zpns.

2. Of these el=ments, lime, phosphate, silica, organic maﬁtor,
umaia,f a].\ﬁnina, iron, and tluoriﬁe are most abundent, but otherab’are
round_in amounts that ars large by camparison with other sedimen‘t'nry
rocka.‘ The thickness of the phosphatic shale 1is such that the total
amounts of some of these comstituents are very large. Thua in the Salt
River Rangs the phosphatic shale contalns 500 to 300 fest-percent P05
and in the Peale Mountains 'i‘t contains 2,100 to 2;300 feet-percent Py0g.
Similarly vanndium is found in amounts that range ‘trcm about 5 to 25
Teet-percant.

3. Minerals known to occur in the phosphatic shale are colloohane,
“run:slite, caleite, dolomite, fluorite, pyrite or marcasits, quertz, mica,

oy TS 175 CL S NS U P o ST P S SR LY De Do ou Ty T
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e,

mc&reona ailtstc:ne' organic matter is less abundant 1n the phOsphate rock,

been identified. Vanadium is probaoly in the form of a hydromica or clay
or possibly even in a complex organic compound; chromium and same of the
other trace elements are probably in similer forms.

4, All of the mineral comnstituents of the phosphatic shale in south-
eastern Idaho, western Wyaming and northern Utah are fine-grained (silt-
sized); sa;s.d, even as impurities in other rocks, is rare in the area studied,
although it is found in the Phosphoria in central andi southsastern Wyoming.

5. Well-rounded oolites, ranging from a fraction of a millimeter to f::':fj
more than,2 centimeters in dismeter, are characteristic of a large proportion
of the mcka of the phosphatic shale member. Genera.lly they are composged
dominantly of phosphata, but some of them are principally carbonates or chert.
Although m;st of the phosphate is in the form of neh't;, some high-grade
phosphate beds are not ocolitic.

6. All of the cammon constituents are found in many rocks and their
relative proportions vary over the entire possible range. However, the rela-
tive abundance of the various mixtures aiffers. Taken over the region as a

l'hnle, cherty oolite or phospnate is not as cammon as cherty siltstons, lime-

ltOnc on_ dolomite, calcareocus phosphatic oolite or phosphate is less abundant

‘hﬂn ealcarooua siltstone, calcareous sheale, calcmaua phosphatic shale or

‘he‘t and limestons or dolomite than in the shale or siltstone. J’udging frcn ‘
the di-tribution of vanadium, the only minor constituent which has been tested
0T in more than a few samples, the proportionsof the minor constituenta also
Yaries *frcn rock to rock., Many if not most of these trace elements ere found
%o some extent in sevara; different beds; however, vanadium is most abundant
in the shale, siltstone, and phosphite rock and i1s least abundant in the lime-
tons or 4ol..t%s and chect.

7¢ Santansratisns of ans 0ns partieuler slement <9 generally founi at
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more than one horizon in the phosshatic shale. In the case of phoschate,
for example, there are two beas of sufficient width and phosphate content

to be of value under present conditions, but there are many thinner beds

a3 well. The total numoer of phospnate beds nas never besn counted because
zapy of the beds arc only a fraction of an inch thick, but at the ID section,

descrioced in great detail by ueiss,{‘? a conservative estimate indicates that

#2f Deiss, Charles, op. cit.

there are at least 100 units of ocolite or phosnhate rock which are separated ~
trcn each other by less phosphatic or non-phosphatic material. A study of =
the stratigraphic sections shown on plates 1-7 shows that this is true of

many or the other comstituents as well.
“ 8. The concentration of any ons particular constituent in successive

layers may increass or decrease either gradually or abruptly. Thus, the con- Q

centration of the vanadium in the vana:iferous zons in the Salt River Range

and Sﬁ;iecze Ridge is greatest near the middle or upper part of the zone and

decreases continuously apove and below this point. On the other hand, sampling

of 1nd1v1dnal layers or parts of layers shows differences between two adjacant“;

1“!01'8 of as mch as 1.7 percent v205. Similarly contacts botween nthologi

mts my be either sharp ‘or gradational; shale grades into limestone or phov
DhAte at some horizons but at others there is no transition between the two-

and so with each of the other rock units. 7
9. Regional trends are found in the variations in the amounts of various |

Coastituents of the phosphatic shale. In general, the phosphate content

lncreases westward and the lime content 1ncreaseé southward. Free fluorite

is present in the phosphate rock in western Wyoming but has not been found in

ldako; the fluorins-prociiate ratio ie amppareantly greater in VYyaming than in

. p
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but are absent at most pleces in Idaho. The total vanadium content of the
phosphatic shale member anc: of the vanadiferous zome dJecreases northwara and ‘
southward.

10. The concentrations of phosphate, carbonate, and vanauium in the s
entire phosphate anale member are greatest at those sections which contain
the thickest and highest-grade peds of phosphate, carbonate, ana vanadiferous

rocks.

Il. Each of the rock tyres cccurring in the phosphatic skale are at

sam horfzon or other in contact with each of the other rock types. In other
words, there is no definite succession of litholégic typea. e

‘ ’ The original area covered by phosphate deposits 1 feet or more

-

s been estimated to be more toan 175,000 square miles.?? But the

» ,x;taining the greatest total amount of phosphate was much less, possibly
qr;ier of magnitude of 5,000 to 10,000 square miles. ;
j‘ma aggregate thickness of the Phosphoria fométion is 100 to 500
ffnoat of northern Utah, eastern Idano, Wyoming, a.nd weat-central
:l'ith local exceptions it increases generally westward, reaching

mm thickness of about 900 feet in south-central Idaho, near Malta ¥/

¥/ Baxer, A. A., and Williems, J. S., op. cit.

= 151. In the southeastern Idaho, noz:tbern Utah, western Wyaming region
ROst of the variations in the thickness of the phosphatic shale member seem
0 be caused by variations in the thickness of the monclastic constituents.
15. The lateral contimuity of most iniividuasi lithologic units 1s
TPRIurel {n L1:. mn. At of s.mw units

, ®spsciml: iy nnor the 00, 18 meesuped
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in scores of miles.

16. The lateral continuity of lithologic units is greater in the upper
part of the phosphatic soale than in the lower.

17. Faclies changes occur over sharter distances in an eest-west direction
than in a north-south airection.

1. The fossils of tbe phosphatic shale show tnat the length of time
required for the deposition of the phosphatic soale is large, incluuing at
least parts of Leonardian and Guedalupian tims.

19. TFossils are most abundant in lmestone}roi' ;é.lcamous units but are
also locally abundant in the phosphate rock. They are rare in snale and
shaly siltstone and in the bulk of the rocks of the phosphatic shale member.
Foasils ahow some relation to lithology. Those in the phosphate rock are common-
ly ﬂsh remains and phosphatic brachiopods; depauperate faunas are also found
in the shos hate rock.

20. Most of the specles collected have been found in only one regiom,
but thé."e are a group of about 20 specits, mostly orachiopods, which are
-1dely dietributed and which relate the fauna more to the Pe@m of Texas,

Alaaka &nd Rnsaia than to the Permian of the midcontinent.

21. llany local vertical discontinuitiae are found in the phosphatic

Immch as some of these aiscontinuitioe are revealed by the lensing
out ot bcds, many of them represent periods of nondeposition, al though no

"'hence auggeats periods of subaerial erosioz.

Discussion
Tme of deposition of phosphate end trace elements
The occurrence of vanadium and other trace elements is precisely

anslegous to that of the phosphate geposits, which have Dbeen recognized as

Synpwpetic oy most observers, out, lest there be some skeptics who wcull oe
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ineclined to attribute the trace elesments found in the rocks to replacement
3y later percolating solutions, either hot or cold, a repetition of the evi-
dence proving syngenetic origin seems justified:

l. Thin layers of various littologlic types and camposition persist over
areas of several square miles, and same layers, containing relatively unifom
smounts of phosphate, vanadium, or other constituents, persist over areas of
thousands of square miles.

2. Thin leyers of markedly different composition, both in ma jor and
minor consfituents, are intarstratified. | )

3. Rocks which contain phos>hate, vanadium, or other trace elements are .
as diverse in texture, permeability, porosity, end composition as those which
contai_n none of these constituents.

vt

4. The mineral particles are very fine-grained. - .’ o

Source of sediments
il(ost of the elsments in the phosphatic shale are believed to have been
da"ived frcm the Phosphoria sea. The ultimate source of all the elements is

of course igneous rocks, dut this source must have been seveml erosion

‘-‘Yclos; rmved from the immediate source of the phosphatic shala ror no single

_ 18!130118 1 ck could supply such opposing groups of elements aa chmium, cobalt.
- and nickal which are characteristic of ultrabasic rocks; vanad ium and tita-

u“n ;‘hich although found in rocks of diverse campositions, are compara

’-'1'017 ahundant only in rocks of the gnbbro family; copper, whicn althaugh
Present In othar rocks, shows a preference for the subsilicic ones; zinc,
“aich 15 also found in other rocks but which is most sbundant in those.
that are slightly mory acidic; ard molybdenum, tin, fluorine, and rare

®3Tths, all of whish are generally most ebundant in highly siliceocus



—

tocks._f_,“’/ Several otiner sedimentary rocks ﬁ {(particularly carbonaceous and

¥57 Clarke, F. ¥., The data of geochemistry; U. 3. Geol. Survey 3ull.
775, p. 40, 1924, 3andell, E. B., and Goldich, S. S., The rarer metallie
constituents of same ~merican igneous rocks: Jour. Geology vol. 51, p. 138,
1943,

‘f‘:/ Only a few of the many references on this sub ject are given hsre,
Carter, G. E. L., An occurrence of vam;xirerous nodules in the rermian beds
of South Devon: Mining Mag. vol. 22, pp. 009-0l3, 193l. DeGolyer, E., The
occurrence O’f vanadi\um and nickel in petrolesum: Econ. Geology, vol. 19,
pP. 550-558, 1924%. Fischer, R. P., Sedimentary deposits of copper, vanadium-
urenium, and silver in southwestern United States: Econ. Geology, vol. 32,
PP. 908-351. Hewett, U. F., Vanadium deposits in Peru: Am. Inst. Min. Met.
Zng. Trans., vol. 40, p. 27%, 1310. Jost, K., Uber den Vanadiumgehalt der
Sedinment gesteine und sedimentaren I.Agerstgtten: Chemie Erde 'vcl. 7, PP.
177-290, 1932. Lindgren, W., Mineral deposits, po. W47-465, McGraw-Hill
Book Co., New York, 1928. Schaller, W. T., The occurrence and properties
ot sincd!ite, a new vanadium mineral fram Sincos, Peru: Am. Jour. Sei., vol.
&, po. hé:z-%o, 1924, Silbermintz, V. A., Occurrence of vanadiun in fossil

coals: Acad. Sei. U. R. S. S. Comp. rendu, vol. 3, pp. 117-120, 1335.

bituminous shales) contain a similar assemblaze of elsments; but to imagine
another 'pliosphatic shale® as the source for the phosphatic shale merely transf
fers the problem to the older formation. Vanadium, tungsten, chromium, copper,

molybdenmn, and lead are found together in samse vain _deposita?‘j/ (particularly

—

¢7 Newhouse, 7. H., The source of vanadium, molybdenum, tungsten, and
chronium in oxidizsi lead deposits: Am. Mineralogist, vol. 19, pp- 209-220,
1yak,
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vanadinite and wulfenite ores) out 4eposits of tnils sort are characteristically
. zmall and could not have furnished the raw materiels for a sedimentary deposit
29 large and widespreaa as the Phospnoria formation. Clastics derived from

a terrain camposed of several different rock types might of course comtain
many of these elements but that most of them, including those characteristic
of ecidic, intermediate, amna basic rocks should de concentrated in amounts
sxceeding by several times the averages found in igneous rocks seems out

of the gquestion, particularly inasmuch as the rock is not a concentrats aof
heavy detrital minerals. Furthemoi-a, clastics form only a third of the
phosphatic shale in southeastern lIdaho. The bulk of it is composed of
materials that are clearly not detrital. Admittedly the phosphate, lime,
magnesia, and fluorine must nave come directly or indirectly from the sea
water; and because a/ll the other elements but antimony are found in sea water

today‘f_f/ it seems likely that most of the trace elements came directly from

’ ﬁ Sverd.rup, H. U., Johnson, M. ¥., and Fleming, R. H., The oceans, pp.
20, 229 Prentice-ﬂall Inc., New York, 1942. Antimony is one of the rarea'
“ clencnts ot those found in the phosphatic shale, (Clarke, F. ¥., and Washington,
e 3:, The composition of the earth'!s crust: U. S. Geol. Survey, Prof. Paper
127-]?-21. 1924} . Therefore it is not surprising that it has not been repor-
| ‘edél;ni sea water, but it is not to be denied that‘ like all other elements,
Soue ot tha antimony eroded fram the surface of the earth must reach the sea

R 801ut19n and may be present there, even though in very small quantities.

———

8ea water,
Not only is it probedle that the minor elements of the Phosphoria came
from sea water, it is possible that they came fraom see water similer in com-

bogition (as far as the tracs elements are suncerned) to that of the present
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day. In a study not yet published, ¥. . Rubey has attempted to test
the nypothesis that the phospnate in amounts found in the Phosnhoria

could accumulate with present sea water composition, atmospheric Z0.»

2
oceanic salinities, temperatures, currents; slow detrital sedimentation;
and approximate stability of the sea floor. .ithout discussing Rubey's
data or conclusions same comparisons can be made that tena to support
Rubey!s aypothesis as applied to vanadium as well as phosphate.

The similarity in age (Permian and Mesozoic) of some notable

aed.imentar:y deposits 7‘_7/ of trace elements is striking indeed. At first

4]/ Perhaps the most notable of these is the Permien Kupferschiefer
of Germmany but Lindgren (op. cit.) lists many other occurrences of ores of

vanadium, copper, lead, silver, and zinc in Permmian and Mesozoic rocks.

glance it might appear that these represent same sort of a metallogenic
epoch; that, if the ninor elements came directly from sea water, the sea
ua.tar at least contained greater concentrations .or those elements than

1% does today. But phospnate deposits are found on the present sea bottom
and in rocks/of many other ages. Moreover, venadium, chromium and molybdemum

. are fotmd in deep sea deposits of the present dayS’/ and recent testsS//

C—

Sy Oana, Shinya, Chemical investigations of deposits, VIII: Vanadium,

°h1'0mium, and molybdenum content of deep-sea deposits, II: Chem. Soc. Japen,
p ¥* Yol. 61, no. 10, pp. 1060-1062, 1340 (in Japanese). See chem. abstracts

vol. 35, p. 1277, 1941.

$7/ Bogvad, Richard, and Nielsen, A. H., Dansk. geol. Foren. Medd., vol.
1C, pp. 532-51#01, 1945, (0.2-0.4% percent v205 and small emounts of chromium in
Cembrien and Ordovician shales); Jonhnson, A. C., and Davis, C. W., War develop-
Be0t proves large vanedium reserves: Eng. and Min. Jour., vol. 146, mo. 4, pp.
1v3-107, 1945, (the Burvsu of Mines discovered vanadium in & thin layer of

*iebonncecus shale of Misatssippisn age in narthern Utah.)

S
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show vapadium and caramium in carbonaceous shales of other ages. The
similarity in general litbology of the warious deposits suggests that
similarity in conditions of deposition may have been of more irportance
in the cancentraticn of minor elements than san unusually high concen-
tration of the elements in the sea water.

The tremendous volume of the various minor elements in the phosphatiec
ashale member might also suggest that the Phosphoria sea contained unusually

high concentrations of them. Otherss’/ have regarded the amount of minor

$¥ Lindgrem, op. cit., p. 465.

elements in sea water of ordinary camposition as inadequate to form similar
deposits in other rocks and have suggested that the sea water in which such
deposits were formed was enriched by solutions derived fram aruptives. This
conclusion is understandable when, as pointed out to me by H. E. Hawkes, it

is considered that the vanadium below 1 square meter of surface of the vanadif-
ercus zono 'is equivalent to all the vanadium in a column of sea water (of
present-day compoeition) 1 meter square and 32 million meters high. However,
the ?hogpt;ato in the lower phosphate bed is equivalent to the phoaphate
eonta‘?.;’odi'in a column of sea water 6 million meters high and even the caleium

' in that sama H=foot bed would require for its deposition all the calcium in

colunn of‘sea water 3,300 meters high, which is almost certainly a greater
"MQ?MJ q_t water than was present in the Phosphoria sea. FPlainly even thin
layers of»tjha most common chemieal precipitates require a iong time for their
Sccumulation. Instead of fompering the volume of an element in even a thin
bed with the amount present in see water at any given ipatant it is therefore

lecessary to campare the deposit with the amount of material in the sea over

ths perioy required for ita cepositicn.
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A canpai‘ison (besed on what may be a shaky pyramic of assumptions) of
<he amount of phosphorous, calcium, anc vanadium in the rhosphoria with the
amounts of these elements that might have been in the rhosphoria sea auring
fermian time suggests that the disparity between the two is not great. On
the basis of ,a comparison of the total amount of sodium in the sea and in

sedimentary rocks, Goldschmiat<3/ has concluded that 00O grams of igneous

5_3/ Goldschmidt, V. H., The principles of aistribution of chemical
elements in minerals and rocks: Chem. Soc., Jour. pp. 059-b73, 1937. See

also Snfdrup, Johnson, and Fleming, op. cit., pp. 220-222.

rocks mat have been weathered for each kilogram of water in the ocean (table
11). This igneous rock must have contributed to the sea smounts of the

various elements proportional %o their average content in igneous rocks; the
amounts not found in the sea water must nave been deposited in its sediments.

The vanauium, phosphorous, and calcium in the sea constitute only 0.0005,

0.02"'and'1.9 percent, respectively, of the potential supply (table 11),

i and the;anounts of most other elements (except those such as sodium, magne-
’1“3: and sulphur, which have very soluble compounus) in the sea are

8h11u1y small in comparison with the amount brought to the sea throughout

&0logic time. Dietz, Zmery, and Shephard ,’_-7 who have described phosphate

R ——

5!/ matZg Re S., bHmery, K. 0., anc Shephard ¥, P., Fhosphorite deOBibs
© on tho’“g floor off southern California: Geol. SOc. Americe Bull. vol. 53,
. 836, 191;2.

e

deposits on the present sea bottom off the coast of California, have presented
data on the solubility of tri-calciwa phosphate in sea water which suggest

that meep water desper th:n a [en aunured meters 1is esszntially saturated

19



with tri-calcium phospnate. If the ocean is saturated, it follows that an
ageunt eyual t. all the phosphate anrnually carried to the sea must be
ierosited as phosphatc minerals or as orsenic matter." ?meﬁher the con-
centrations of the »minor metals in the sea is similarly limited dy the
3olubility of their compounds or t;y biological sctivity or other factors
is unknown, but whatever the cause, the fact that the amounts of these
elements is but a fraction of the "potential supply” suggests that the sea
is in effect saturated with them. If it can be assumed that over a long
periocd of ‘tlme these elements were brought to the sea and deposited at a
more or ioss\ constant rate, then the amounts brought to the 'sea during the
Permmian might have been proportional to the ratio of Permian tims to all of
geologie time., AS may be seen from table 11 (line F) the amounts of
phosphorous, calcium, and vanadium thus brought to the Permian ocean are
mich greater than found in the Phosphoria formation (table 11, liné I).
These figures are of little direct significance except that when added to
the amounts of the various slements present in the ocean at the begimnning

-~
of the Permian53/ they might be a messure of the total amounts of these

55/ The sea at the beginning of the Permian would presumsbly have con-
tained ‘some amount of these various elements. If their maximum concentration
is controlled by thelr solubilities then the ocean at that time might well

bave contained as much of these elements as it does today.

S“bsmn;éi that could have been deposited in all Permian rocks.

What part of the volume of these ol'ema_nts brou@f to the Permien ocean
wag avauabie for deposition in the Phosphoria sea is difficult to estimate
for it depends upen many factors, among which are area snu volume of the rhos-
ihoria sea, rate of inflow to it from scjacent seas, the composition of the

.

“FTLin Ber awpiny the shosnoria sen, sn: tne volume of elemente received from
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it. Omne approach that could be made to the problem woulc be to assume that
the emounts of these elements delivered to the Fhoschorie sea would be in i
the same proportion as elther the area or the volume of the Phosphoria sea was
to the area and volume of the whole ocean. Calculated on this basis, the Phos= '
phoria sea would have received amounts of phosphorous, calcium, and vanadium
(table 11, lines G and H) one to two orders of magnitude lower than the

amunta{"j assured to be present in the Phosphoria.

£13 _/ With regard to calcium, only that in tha phosphate mineral has oeen

consj. dered .

'mese calculations make no allowance for the fact that sane part of the

volume r elements brought to the Permian ocean uould have been brought and

depoaited in the fom of detritus and would tharofore never have been diaaolvad

in sea water and available for deposition in tho Phoaphoria. On the other

band, the ecaleculations make no allowmance ror oceanic circulation, which lonld

"$7/ Blackwelder, E., The geologic ';'olehf pﬁésphorous: Am, Jour. Seci.

vol., 42, p. 293, 1916.

Phosphoria gea because of the similarity of its black muis to those that must

g3



have existed omn the bottom of the Shosphoria sea. The Black Sea is noted

‘..

for its poor oceanic circulation--ocean water enters only through the narrow

Bospharousf_"/—-but even so, at the present rate of inflow (6,100 cubic meters

v, el o ol il |

J‘_;// Sverdrup, H. U., Johnsan, M. ¥., and Fleming, R. H., op. cit., p. o49.

per second) over a period of 30 million years H.8 x ].0]"3 cubic meters of sea
water (xgore than 4 times the volume of the present ocean) would enter the
Black Sea from the Meditsrranean. If all of this water contained amounts
of yhosphoi:ons, calcium, and vapadium similar to those in present~day goa o
,water; then the total amount of calcium available for deposition during that
period would have been much greater than is assumed to be present in the phos-
phAto m the phosphatic shale; the phosphate would have been about the same,
and the vanadium would have been slightly less than one order of magnitude

lower.

'me similarities of the Phosphoria fauna to that of other Permian rocks
in Rnssia, Alaska, California and Texas show that the Phosphoria sea had more
: and doubtleas larger connections with the ocean than does the Black Sea.

’Rggrerore circulation of ocean water through it must have been proportionatelr

Admitting the frailties of the arguments presented

§ 11-" thd Phosghoria sea.

tion, ’and nomal oceanic circulation, was an adequate source of the phosphate
and minor elements found in the Phoaphoria formation and probebly in many

other formations as well.

Factors causing concentration of elements

late cof deposition.--The avdnorzmally slow deposition of other seiinunts

a4



is probably the most important single factor leading to the concentration of
the phosphate and minor elements in the rhospnoria formation. The notion that

at leasst the phosphate was concentrated tnrough slow deposition of other con-

stituents receives same support from occurrences in other rocks, where it is

associated with unconformities and periods of nonaepositicn.? The comparisons

ét/ Goldman, M. I., Basal glauconite and phosphate beds: Science, new

Petti john, ¥. J., Intraformational phos-

ser., vol. 56, pp. 171-173, 1322.
phate pebbles of the Twin City Ordovician: Jour. Geology vol. 24, p. 373, 1926.

e

nad"c”bqetween the amount of vanadium, phosphorous, and calcium in the sea with

m vanadiun in the vanadiferous zone ana the phosphorous and calcium in the

lmr phosmhate bed illustrate now slow must have been the aeposition of these

e

. ntorigla.
j‘Km‘mver slow the ueposition of phosphate anc carocnates mmy have been,

This is shown

3¢

i) oan
)

. the deposition of clastics and organic matter was even slower, _
fiﬁbr thn tact‘ that the principal changes in thickness of the phosphatic shale f R
. kS : rE:,‘
are ‘caused by varistions in the thickness of phosphate and carbonate beds and N
i : NS
..,ﬂ_’“m“ of the non-phosphatic and non-carbonate rocks remains 5
: '11‘;»'601':1'9“:11: over the region; and also by the fact that the principal i ; i
0 > w
: Ed § fon
Sreal differences in thickness of the vanadiferous zone (which is composed < 3 &
5
M W

"-1‘801! of claatics and organic matter) are caused by variations in the

munt ot phoaphate.
Cﬂm{y no concontrations of phosphate or trace olements would exist in

© the Phoephoria formation 1f 1t ‘were diluted with a volume of other sediments

Couparable to, 3,000 to 5,000 feet deposited in the Leonard end Word formations
or

Of Texas, which are believed to be equivalent in age to the Phospaoria.
interest 1s the fact taat if these formmtions contain U.l§5 percent P20s end

which Aare the avers.s amounts foun't in s .l.i=2nwsry

9§

3.1 percwnt V.9,
27
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&0, .
rocks_/ then they contain 450 to 7950 feet-percent P205 and 30 to 50 feet-perceat Ly

~

5_{/ Clarke and ¥Washington, op. cit. The value for the average VEOS content *ﬁg

of the earth's crust is selected more or less arbitrarily. .ccording to Clarke q
-

end Jashington the earth!s crust contains apout 0.03 percent; the conmtent of :E

by
sediments is samewnat lower. .

V2°5' These amounts campare tavorably with those contained in the Phosphoria. ¥
oy
The phosphate contemnt of the Word and Leonard formations would be about the same i

as that of the Phosphoria over most of its outcrop, but it would be only a
fifth or a third of that found in southeastern Idaho, where it is -most phos-
phatic. Their vanadtum content would be about the same as that in the Phosphorig:
in small areas where it is richest in vanadium, but it would be much higher
than that found in the region as a whole.

Physical, chemical, and biological factors.--Slow deposition is by no

means the only factor effecting concentration of the phosphate and trace
elementa“in the phosphatic shale, for the total amounts of these various
elements vary laterally in individual layera and in tha phosphatic shale as

a whole :"l(oreover, ag shown in preceding aaragraphs the Phosphoria sea nmst

have drmmon the Tesources of the rest of the ocean to fom its deposits and

*

thereforc conditiom for deposition of these elements nmst have been more

xnvorable in tho” Phnsphoria. so& than in many other places.

It 13 mdant, thererore, that although the sea may have been essentially

SO

aaturated with phosphate, vanadium, and other elementa, their actual precipita-
tion was aubject to the comtrol of factors which varied from place to plece
and fran time to time., Whatever thess controlling factors were, they must

have been such that the process of prucipitation of the various elements could v

be repmated many times tO bring ebout the concentraticrs of the various elemsnts

vor . - [ -
LIRS R S S e, ng e e ~yve ME Yol . . . LS SR la TR T - gy
“Iil, uwen omeony, Ssarioons. Luroo AT (N A A AL (O L A o 3
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the process of precipitation coul:z operste witn varying erficiency,- for the
amounts of each of the various elements increases or decreases gradually or
abruptly in successive layers. These characteristics do not fit those of a
catastrophic event, such as the mass xilling of fish or other organisms, but
they ao fit processes whose operations depend upon slight fluctuations in
salinity, pH, carbon dioxide content, temperature, pressure and Other physical,
chemical, and biological variables of the sea. A discussion of the relation
of thess factors to the precipitation of the wvarious elements is beyond the

scops of this paper.ﬁ’/

+

Q’/ A thorough discussion of the relation of these factors to the precip-
itation of phosphate will be presented by W. W. Rubey as a part of the study

to which reference has already been made.

Environment of deposition
The environment of deposition must have influenced the operation of the
Procesacs of precipitation airectly or indirectly, and at least some of its
characteriatics can be stated. The Phosphoria sea must have been of uide

[

ex‘cent for phosphate deposits 1 foot or more thick are scattered over an

u'oe. _or ‘abont 175,000 square miles. It must have bad connections to waters

1n oantral and eastern Nevada, southern California, Texas, Alaska and Russia,
f°1' tha Phoephoria fauna is related to Permien faunas of those regions. The
sea’ rloor must have been flat over larger areas 1in southeastern Ida.ho, western ":
*Yaning, end northern Utah, but there may have been a low submarine ridge or
Other topog.mphio feature in the vicinity of the Salt River Range during the
deposition of the lower part of the phosphstic shale, for the rocks of the

lower part in the Salt River Range are thinner, more calcareous, and coerty

then those to the esst (in the vicinity of South Cottonwood Creek) ana west

§7




{in the Peale iMountains) which ars similar ana are most phosphatic. The sea
floor must have been below msave base becauss rippls marks, cross laminations,

and other wave marks are lacking in the sediments of the phos_ hatic shale.f?

6}/ Wave marks would not be expected in the fine-zrained shales and
siltstones, aven if these sediments were above wave base at the time of their
deposition, but such mariks might have formed in the coarse oolites had they

been above wave base when deposited.

'Bxis is alsa' suggested by the presence aof large amunts of organic matter which
cmxld hu'dly have been preserved under oxidizing conditions in any shallow sea

of Iide extent.
'mc Phosphoria sea has been ganerally thought to be shallow, hut :I.t .

"shallo:" means less than a few hundred feet the: avidencc for ﬂxis aupposition

is not clear. OQolites sametimes form under conditions permitting rotation ot i

thc nucleus 80 that uniform accretion of mineral matter takes place on all
; e

sm AIr the 0olites of the phosphatic shale formed in this manner, their %

Prosence indicates that the bottom m shallow enough to be rected by

currents or wave motion of sm kind but inasmuch as oolites are known tu tom :

4 's:;,

nnde conditions not requirins rotation of the nucleus 9 ancL phosphatic

B Bradley, W. H., Algal reefs and oolites of the Green R:lver rm:mation.

. ol. Survey Prof. Paper 15140 op. 222-223, 1928.

Davidson, S. C., and McKinstry, H. E., "Cave Pearls," oolites and

‘1solated inclusions in veins: Econ. Geology vol. 26, ppe 289-2911, 1933..

—

Solites are found on the present sea oottom to depths of 6’1‘00..{“%‘.’7 their

~——

:‘7" Oietz, R. S., Bmery, K. O., ind Sheprara, F, P., op. cit.

Pressnce .0 not opcessarily aean toct toe se rloor was shnllow <nough to
be atcected by Cupeents of waves, 29
| o




The confizuration of the sea oottom or saoreline very likely wasvsuch
that conaitions of equal depth, uistance :’rgm shore, and other physical con-
ditions o2 the sea were similar in a norta-south direction in the southeastern
Idaho, western dNyoming, northern Utah region, for lithologic units are more

contimous and facies changes less 2brupt in a north-south direction then in

an east-west direction.
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CONCLUSION

The phosphate deposits and other trace elements very likely were derived
directly from the Phosvhoria sea by inorganic or organic precipitation or a
combiration of both, Physical, chemical, or bioclogical factors, largely
urknown, controlled their precipitation and deposition. Their concentration
was made possible, in part, by the nondeposition of other mcterials,

The occurrence and apparent origin of minor elements in the phosph&?ic
shale has an important bearing on future prospecting for minor metals. Addi-
tional sampling cf beds of the Phosphoria formation may disclose:

1. Areas to the east or northeast in which the beds of the vanadiferous

zcne are thirner but higher grade.

2. Areas to the west in which the beds of the vanadiferous zone are
thicker and more phosphatic but where the average vanadium content
of the beds will be lower.

3. Areas beneath Tertiary sediments, such as near Dinrle or Laketown,
in which the vanadiferous zone may be secondarily enriched as it
is in the Paris-Ploomington area,

L. Other beds which contain significant amounts of otheg minor metals
besides vanadium, Kickel, molybdenum, and zinc esopecially deserve
further prospecting, for they have been found in amounts which

approach commercial valve (assuming of course that they can be
extracted from the rock economicellv) btut others zlso mzy b= found
ir significant amounts,

Sea water has long been recognized as a treﬁendous potential source of
Tiror metals, tut if Goldschmidt's irferences concerning tﬁe proportion of tre
ninor metals thast have core to the sea but have nassed throurh it into sedi-
merle are correct, then sedimentary rocks like the Phos-horia centain a far

~

S 4trege mztals ‘han does the sesz, Conditlons which

et
Trater o
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—
&
o
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-
2]
ot
e
]
-
“
9}

o1



led to the concertration of some 5° thesa lesl: Za 13 “hosshoriz formation

sere unusual, but it seems protable that they were duplicated, in part at least,
iurin- the dencsition of other formations. Some o the other metalliferous
szedimentary formations already referred to are vroovably examples of such
Zenosits and others may be found on further prospecting,

A bettcr understanding of the chemistry of dencsition of the Phosophoria
and similar devosits will come eventually and will be of considerable value in
prospecting for new deposits of minor metals. In the meantime, the search for
minor metals.in other formations might be zuided by present knowledge of their
occurrence in the Phosphoria, which suggests that concentrations of minor
metals (as primary devosits of wide extent) will most likely be found in
fine~grained, carbonaceous, largely non-calcareous, marine rocks Hhich have
‘accumulated slowly. In prospectinz for them it will not suffice to test a few
specimens from a formation or to test samples representing large thicknesses
of the rocks, for one or several of the metals may be concentrated in heds
only a few inches or, at most, a few feet thick. And, with the philosophy of
looking for bears where bears are known to be, deposits known to contain one

metal shouid‘bé tested for vossible presence of others,



APPNDIX

Jleasured sections

The foregoiny description of the phosvhatic shale in western syoming,
southeastern Idaho, and northern Utah is based on about 200 measured sections,
60=odd of which are shown in some detail on plates 1-7. The volume of these
data precludes their inclusion here, hut several sections, spaced over the
region, that may be taken as representative are given in the following pages.

Unless otherwise stated the V205 and 1’205 determinations were made by
the Geological Survey. The V305 values followed by "c" were determined by
chemical analysisj those followed by "s" were determined spectrographically; -
the others were determined by field test, which somet.imei detects vanadium
in amounta as low as 0.05 percent V05 but generally not in amounts below
abwt.w 0.01 percent V205. Samples showing no vanadium by field test are indi-
cated by "0.0." The P,0

275
ag m‘rcent but those determined by field test are stated as "very low,"

values determined by chemical analyses are stated

"low " "medium " or "high." HRocks termed "very low" are those that show no
Phosphate bv field test, which is taken, somewhat a.rbit.rax'ily to mean that

Dhosphate‘is not present in amounts creater than 5 percenft P205’ those

: mc" are taken to indicate a P,05 content of 5 to 13.8 percent ;
thoae tarmed "mdium " 13,8 to 23,0 percent; and those termed "high," more
than 23 pexjcent‘ P205. Samples not analyzed by any method are shown by "n.d.”

: .N,A cdnda"Coal Canycn, Cokeville, and Montpelier Canyon some of the

determinationa were made on samples representing two or more of the lithcl-

ogic units described separately, The limits of these samples are shown by

brackets,



South Cottonwood Creek, .yoming

plete section of the choschatic shale member of Phosvhoria formation in
trench on South Cottonwood Creek-Sheep Creek divide, 3¥t, 3Et, sec. 29,

T. 33 N., R. 115 i., Lincoln County, “yoming (pl. 55
Aodaers.

Zex member
Volomite: light, well-laminated, with numerous thin
tabular masses of chert and drusy juartz, the
druses filled with calcite,

Phosphatic shale member
Phosphate, rock: 3lightly calcareous, cherty, fine
white»marks.

”hert- massive, black,.

Dolomita: cherty, massive, light blue to medium
_ gray: middle third almost campletely replaced by
‘massive black chert. Contains large masses of
white calcite,

Chert: massive, black,

Limestone: fine-grained, hard, light gray.

Wpucspmr o)
hard.

hard, calcareocus.

hard,

soft, calcareous, tan.
clay-shale: soft, jet black.

soft, flaky, non-calcareous, dark
gray to black,

¢+ calcarsous, medium hard, massive, blocky,
1ight. gray, weathers buff tan, Cherty calcite,
inch thick, at baso. '

TAIADIFRQUS ZONE
Shale: fissile, soft, brownish-—black, weathers
medium bluish gray.,
Similar to shale abowve,

3lmilar to 3hale ainve,

93

Thick-
ness
(feet)

1.5
3.0

5.2
1.0

0.5

0.5

0.5

13
1.0

1.0

1.1

0.9

3.0
0.5
3.3

measured by John

\7205
(per-
cent)

ne.de

0.0l

n.d.

ﬂodo
ncdc

nede.

n.d,

n.d.

0.02

no d‘o

0.17

n.d.

n.d.

0.85
0.02
3.37

PLC
(3
cent)

n.de

32,20

n.de

n.d.
ne.d.

n.d&

n.d.
n.d.
32.55
n.d:
19.27

n.de.

n.d.

3.22

35.79
1.93



3iltstone: calcareous, medium hard, massive, blocky;
1i-ht pray, weathers buff tan,

siltstone: medium hard, blecky, ncn-calcareocus,
brownish black.

Siltstone: blocky, non-calcareous, lizht <ray,
Wweathers buff to tan.

3iltstone: medium hard, blocky, non-calcareous,
brownish black.

Chert: very calcareous, hard, much jointed, dark gray.

Chert: siightly calcareous, rmch jointed, medium to
nght aray.

Limestorne: bherty, hard, nedium to dark gray,
weathers light ovuff gray.

Covered,
Siltstone: slightly calcareous, soft, tan.

Siltstone: similar to siltstone below but darker and
more fissile; uprer half softer and sub-oolitic,

3iltstone: medium soft, blocky, non-calcareous,
, brmish black.

Siltstone: medium hard, blocky, non-calcareous, brown-
ish to greenish, weathers nale buffy gray.

, Likgjkiltetons above,
f; Con P

ogliteand shale: fissile, soft, non-plastic, non—
calcareous, black; shale is sub-oolitic.
igFigglabiite and shale above,

Siltstons: hard, calcarsous, blocky, medium buffy
gray: contains several thin (2~ to 3-inch) layers
of soft, slightly calcarebus, fissile, krownish
gray shale, .

Like siltstone above,

Shale and siltstone: calcareous, fissile to chirspy,
black,

Thick= ¥,0
ness (ref-
(feet) cent)
1.5 n.d.
1.2 000'6
106 'I-d.
1.0 n.d.

10.0 n.d.
3.7 n.d.
1.5 n.d,
0.7
3.7 0.029
5.0 0,303
6.7 n.d,
L0  0.02s
&cz V n.d.
3.2 nod.
300 - 00123
3-1 n.d,
3.0 O.l2s
3.5 001.23

n.d.

3.62

ned,

g.de

n.d.

n.d,

n.d.

7.31

n.d,

0.99

n.d.

n.de

6.59

n.de

2,43

6.17



Like shale and siltstone above,

Jolite: soft, earthy, jet hlack.

Shale: fissile, soft, sub—golitic, jet black.

3iltstone: sandy, somewhat cherty, hard, calcareocus,
medium gray, weathers light brownish gray. Alter—
nates with black, calcareous, softer silstone in
beds 6~12 inches thick.

Like siltstone above,

Shale: fissile, soft, non-calcareous, jet blacks
two lvinch soft oolite beds in lower parts,

Siltstone: hard, massive, jointed, calcareous,
brownish black.

Shale: soft, fissile, jet black, non-calcareous; not
very plastic; lustrous bedding surfaces,

Siltstone: medium hard, slizhtly calcareocus, brownish
black.

Siltstone: non—calcareocus, sub—oolitic, soft, plastic,

black.

Dolite. soft, non—calcareous, jet black; becames
increasingly clayey upward,

Lika unit above,
‘ Siltatone‘ soft, somewhat fissile, sub-oolitic,

“ s1ightly calcareous, jet black; contains thin,
E ,harder3 more massive beds,

Siltstone: hard, chippy, massive, jointed, non-
calcareous, brcwnish black.

'a'

‘Iékn unit abovs,

“soft, non-calcareous, black.

LOVER PHOSPHATS BED 7
Phosphate rock; hard, black, cherty, calcareous,

with pisolites, pale tan to gray, 1/8-1 inch
in diasmeter.

Aells formation

Lime:tone: hard, medium— to fine-graired, medium gray,

weatherg 1i:ht ara/, Ha"KlJ surface caus2d by frac-
barin e ap? meeemoantarion.  axed top ot dells cliff,
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Thick=
ness
(feet)

3.6
2.3
LeS

3.5
3.5

3.0
1.0
2,0
2,2
3.6
2.5

2.5

2.4
2.8
3.0
1.8

1.3

10

V205
(per
cent)

n.d.
0.3Cs

0.36

00053

n.d.
0.24s
n.d,
ned,
n.d.
0.18s
n.d.

0.19

0.08

n.d.

00023

0.05

0,02

P>0s
(per=
cent)

n.d,
8.58

13.43 -

1.32

n.d.
3.84
n.d.
n.d.
n.d.
7.96
n.d.
25.92
25.84

n.d.

2,01
28.99

32,146

Nede



Swirt Creek, Wyoming,

Complete section of the phosohatic shale member of Phosvhoria formation and
part of underlying ‘iells formation in Trench £ near the Geyser on wWest
swift Creek in T. 32 N., i. 118 W., Lincoln County, dyoming (pls. 2, 5):
measu;ed by W. W. rlubey:

Thick= V 20 P205

ness (ner-
(feet) cent)

fex member

Limestone: hard, dense, massive, dark gray: makes very
wertical wall. Dips 90° N 85° E, 25+ 0.0 low
Limestone: fine-prained to dense, massive but frac-
tured, dark gray to black fresn, light buff-gray very
weathered., 1.8 0.0 low
Siltatone: clayey (?), soft, fine-zrained to dense, very
platy to blocky, dark Lrownish eray to black fresh, 1.4 0.0 low
-3i1tstone: calcareous, hard, dark brownish gray very
fresh, pale buffy zray weathered. 0.2 0.0 low
--811tstone: slishtly calcareous; hard, massive, dark very
gray; grades into siltstone bed above, 1,2 0.0 low
Shale: relatively soft, fissile, black; gmdes into very
;. 8iltstone bed above, 1,0 0.0 low
S‘.!.ltstone: medium hard, dense, dark gray; abundant very
- velnlets of calcite. 0.2 0.0 low
Siltstone: calcareous, medium hard, massive, very
fossiliferous, black. 2,0 0.0 low
- Siltstone: soft,4 chipoy, black. . /.3 00 med-
Siltstone: calcareous, hard, much jointed (water-seep): very
hardest 1 to 2 feet above base, L,0 0.0 low
F_Silﬁatdne: ealcareous, =ediuz hard, much jointed, black, very
weathers pale buffy pray; grades into bed ahove, 1.8 0.0 low .
Siltstone: calcareous, relatively soft, massive but very
much jointed (water-seep in lower 2 feet), black, 4.8 0.0 low
Siltstone: hard, chipry, black; grades into siltstone very
alove, 1.0 0.0 low
Lolorite: hard, lisht gray; dins 70° ¥ 259 g, 0.7 0.0 ?ed:
um:

-




3iltstone: soft, black,

3iltstone: calcareous, hard, fossiliferous, black
fresh, 1light eray weathered,

5iltstone: soft, »lack.

5iltstone: calcareous, hard, verv fossiliferous
(Crbiculoidea?), black fresh, light gray weathered.

S3iltstone: calcarecus, soft, blocky, black,

Phosphate ‘Tock: hard, massive, fossiliferous, non-
calcareous, black fresh, light gray weathered,

Siltstone: medium hard, black; white calcite veins,

Siltstone: calcareous, hard, fine grained to dense,
dark gray fresh, very light gray weathered,

3iltstone: slicshtly calcareous, relatively hard,
dense, bhlocky, tlacke.

Siltstone: slirshtly calcareous, hard, granular tex=
ture, concretionary?, massive, black,

Siltstone: relatively hard, dense, blocky, hlack.

3iltstone: calcarecus, cherty, very hard, dense,
black; contains a few 1/8-inch to 4-inch softer,
non~calcareous partings. Pale bluish film on
hardest joint faces-—may be both chert and calcite.

311tstone: slizhtly calcarecus, relatively hard,
dense, chippy, black. ‘

*Siltatone: slightly calcareocus, dense, blocky,
ckj contains a few i-inch calcite veinlets
Parallel to bedding.

Siltstone: hard, dense, medium bedded to massive,
black,

3{ltstone: slightly calcareous, relatively hard,
dense, thin bedded to chinpy, black,

wolite: c1lecareong, relatively soft, fine rrained.

%7

ness
(feet)
0.8

1.0

0.2
0.5

1.1

0.6
0.8

1.0
3.2

0.3
1.5

5.6

6.0

3.6
1.9

1.6
1.0

(pef-
cent)
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0

0.0

0.0
0.0

0.0

0.0

P20c

low

med-
ium?

low

ium?

very
low

high

very
low

very
very

very
low

very
low

very
low

very
low

-veiy
low

very

very
low

very
low



3iltstone: calcareous, medium hard, fine-pgrained,
blocky, medium brown,

Oolite: calcareous, relatively soft, massive, black,
Colite: relatively soft, massive,

Siltstone: calcareous, relatively soft, fine-
grained, massive, tan,

Oolite: soft, black;:brown stains on surface,

Siltstone: éralcareous, relatively soft, fine-grained,
massive, black fresh, medium brown weathered;
micaceous in lower part.

Siltstone: soft, clayey, conspicuously micaceous,
brown; % inch black, oolitic 2 inches below top.

Oalite: slizhtly calcareous, soft, coarse, black.,

3iltstone: hard, dense, black, concretionary?,
non-calcareocus,

Ooclite: soft, coarse, black.

Siltstone: calcareous, soft, massive, micaceocus,
dar_k brown.

)Qplite: soft, clayey, non-calcareons, black; a few
R t~inch to i-inch hard, non-calcarecus, ferruginous

VANADIFEROUS ZON:3
Clay: soft, non-calcareous, black.

. Siltstone: hard, non-calcareous, concretionary;
reddish-brown stain on weathered surfaces; many
minute crystal faces visihle,

Shale: soft, fissile, black; contains l-inch hard
layer 0,3-0.4 foot above bass,

Siltstone: hard, massive, dens: to fire-grained,
non-calcarsous,

“eitin shale: aoft, fizaile, blark,

98

Thick= V,0, P50

ress (pe 3
(feet) cent)

l.1 0.0 low?

1.4 0.0 high

1.8 0.0 high

1.5 0.0 IW?

0.2 0.0 med-

ium

1.5 0.0 10"?

0.7 0.0 low?

ool& 000 very

low

very

0.2 000 low

0.2 0.0 med=-

Jum

very

0.6 0.05 low

very

0.8 0.06c low

1.0 0.32¢c very

. low

very

0.6 0.97¢ low

very

0.8 1.58¢c low

very

0.6 Q.°2hc  low

De23c low?

0.6



Siltstone: hard, black, non-calcareous.
3iltstona: blocky, medium to dark brown, non-
calcareous.

Colite: soft, very thin bedded, black.
Shale: soft, fissile, brown.

Siltstone: hlocky, medium tan, non-calcareous.

+

Shale: soft, brown, ferruginous.
Shale: soft, brown, ferruginous.
3hale: ‘soft, fissile, shiny, micaceous, black.

3iltstone: calcareous, siliceous, very hard,
slabby, gray to black.

Mudstone: earthy, thin hedded (2-inch beds),
brown,

Endstdﬁé; soft, slightly micaceous, fine-grained.

-
-

 3“d3t0§;;;mbderate1y soft, slishtly micaceous,

¥udstone: calcareous, relatively hard, massive, dark
. brown to black,

X

~i3h&1qf{§§f£, slightly calcareous, black,
Mudstone: calcareous, relatively soft, massive,
dark brown,

“uistones soft., massive?, dark brown (partially
93cured vy 3 nrinz).

wtitones relatively soft, medium brown,

-49

Thick- 7,0, P50
ness .(Geg— >
(feet) cent)
i.l 0.0 very
low
very
1.4 0.2 low
0.2 0.0 very
low
0.2 0.0 very
low
3.0 0.0 very
low
0.8 0.0 very
low
203 0.0 V\er
low
2,2 0.0 very
low
very
1.7 0.0 low
very
103 0.0 low
1.2 0.0 very
low
1.7 0.0 very
low
very
009 0.0 low
0e5 0.0 very
low
very
1.0 0.2 low
very
1.5 0.1 low
0.7 N.2 Wvry
low



Jolite: clayey, very soft, wmassive, “Jlack,
iiltstone: soft, -assive, tan,
shale: soft, fissile, slickernsided, black,

shale and siltstone: beds of black, fissile shale,
slickensided, alternating with beds of hard,
~locky siltstore,

3iltstone: blocky to massive, dark brown to tlack.
Shale: soft, fissile to hlocky, black.

Colite: soft, black.
Shale: fissile, slickensided; more massive in lower
part,

3iltstone: calcareous, medium hard, blocky to massive,
dark brownish esray to black; gradcs into shale above,

Shale: fissile, dark brown, non-calcareous,

5iltstone: calcareous, massive, medium to dark trown.

Oolite: soft, black; contains soue clay beds.

Shale: sligbtly calcareous, soft, fissile, dark brown
to black fresh, medium brown weathered,

Colite: calcarmous, hard, coarse grained, medium to
light gray fresh and weathered in upper 2} feet;
§radational downward into finc-prained, black
fresh and weathered. Only slizhtly calcareous in
lower 1} feet., Fluoritic.

Altstone: medinm soft, platy to blocky, medinm brown,

°1§tstcne: slishtly calcareous, medium hard, platy, oo-
ftic at tase and sub—ocolitic throuchomt, black.

/60

1.1

Thick- V,0 P20

ness
(feet)
1.7

2.2

1.0

2.9

2.6
2.5

1.5

2,€

l.4
0.3

2.4

0.6

0.7

4.0
2.0

(pe >
cent)
0.2 very

lew

.05 verwr

low

0.13c very

low
very
0.33¢ low
0.13c very
low
. 0,05 very
low
0.0 very
low
mry
0.0 low
very
0.0 low
0.05 low
0.0 very
' low
0.2 very
low
very
0.2 low
very
0.05 low
0.0 very
low
mede
0.0 ium



Thick=

ness
(feet)
3hale: soft, fissile, dark *“rcwn. 0.2
Shale and oolite interbedded: soft, dark hrown shale
alternating with colite. At very base contains what
avpears to be a rounded pebble of -uartzite 11 inch
in diameter set in ooliie matrix, 0.6
Siltstone: medium hard, blocky, dark brown fresh,
medium brown weathered, L5
Siltstone: slightly calcareocus, medium hard, thin
bedded, dark hrown fresh, medium brown weathered,
Similar in appearance to siltstone above, 5.0
Siltstone: like bed above but becoming more hlocky
and massive below. he2
3iltstone: calcareous, massive to blocky, derse, dark
brown to black; grades into siltstone above, L.0
Siltatone: calcareous, dense, blocky to massive black;
like bed above but contains numerous 1/8- to z-inch
white vuzs lined with terminated juartz crystals, 2.0
Siltitone: calcareous, platy, medium to dark brown. 1.1
Colitag,alightly calcareous, black, soft. 0.2
‘ Calcareous siltstone or silty limestone: hard, brittle,
+ dense, chippy, medium rray fresh, light bluish gray
weathered, 1.9
Siltatone: calcareous, relatively hard, dense, chippy,
. black fresh, dark brown weathered. 3.1
;31lt§tono: calcareous, hard, sub-oolitic, black. 0.2
: Sha&a: cgicamous , platy and medium to dark brown in
upver half, soft and black in lower half. 3{9,,
Linestone: medium soft, dense to medium grained,
Tedium gray fresh, light gray weathered, 5.7
Lizestope: hard, dense, medium ~ray fresh, 0.7

v,0 P50
(Pet 275

cent)

0.05

0.0

0.0

0.0
0.0

0.0

C.0
0.0

0.0

0.0

0.0

0.0
0.0

0.0
0.0

v’ery
low

med-—
ium

very

low

very
low

low

very
low

very
low
low

med-
ium

very
low

very
low

very
low

very
low

low?

very
low



Limestone: dense, much jointed, medium zray; in beds
2 to h inches thick alternating with four heds 1/8
o 4 inch thick of soft black calcareous clay.,

5iltstone: slightly calcareous, massive to thin
sedded; upper 1 inch soft, gritty, non-calcareous,

_olomite: hard, dense, lizht eray.

3iitstone: calcarecus, massive, tan.

i{imestone: hard, granular, massive, dark gray;
vugs lined with chert on uvper surface,

A

Calcareous ‘siltstone or silty limestone: soft,
massive, medium to light brown.

Sandstone or siltstone: porous, iron-stained; contains
some nodular (remnants?) of dark gray granular
limestone. Unit is bright tan to ochre to dull
btrown. In upver 1 foot many small open vugs lined
with dark brown mammilary limonite, !

Limzestone and siltstone interbsdded; medium gray,
medium-rsrained limestone alternating with tan,
non~calcareous siltstone,

Limestone: nodular, dark -rav; and vellow to reddish
brown clay and hard chips.

3iltstone or fine sandstone: massive, non-calcareous,
tan to medium brown fresh, pale ouffy zray weath-
ered with some reddish and pink tints,

Limestone: relatively hard, massive, granular,
medium gray fresh, nale buffy gray weathered.

Livestone: relatively soft, pale gray; pink and
‘an stains,

Lirestone: relatively hard, dense, lizht gray,

DOI?mite: soft, massive, dense’, 1isht -ray; rrada-
tioral from bed below,

L3
—®stone and dolamite: medium hard, heds L-12 inches
thick, fine grained, medium to 1i-ht e¢ray.

telonites hard, fine-:rained, li.ht gray; beds 2-12

e by ' 1 N
if?“?? thi~e, A few i-incn b2ds of Ji-ht cray
1 erlsarmora 10fbar Slre-—rated gnndstors:.

Jo2

Thick- Y50

ness
(feet)

1.0

73
Ouk

2.3

2.2

2.6

L7

l.4

1.5

5.9

11.4

2.5
1.0

L5

9.8

!‘vo}

(pefr-
cent)

0.0

0.0
0.0

0.0

0.0

n.d,

n.d.

n.de

n.de

n.d.
n.d.

n.d.

n.d,.

n.d.

n.de

Nneda

P205
very

low
low?

very
low

low?
very

low

ned.

n.d,

n.d.

n.d.

n.d.



Sandstone and dolomite interbedded: alternation of
soft thin-bedded, fine-grained, tan non=
calcareous sandstone in beds 1-3 inches thick
and hard, fine-e¢rained, medium ~ray dolomite in
»eds 4~8 inches thick,

Zclomite: hard, medium gray fresh; beds 1 foot thick.

Jolomite: hard, fine-grained, light zray fresh; beds
2-15 inches thick.

N

sandy (or cherty)limestone or dolomite: very hard,
massive, makes vertical wall; pale yellowish to
buffy gray weathering. Dips 85-90° N 85-90° E,

»

-/03

Thick=
ress
(feet)

hels

2.7

12.9

15*



Torral Creek, dycming

section of phosvhatic shale member of Phosphoria formation naturally
at waterfall near Cottonwood Creek-Corral Creek trail, T. 31 V.,
i. 117 ¥., Lincoln County, Wyoming (pl. 1): measured by J. . 2ubey.

Thick- V50, P20s

Sample ness (pe
No. (feet) cent)

iax member

'!'.oephabic shale member
Limestone: hard. 9.0 n.d. n.de

Sﬂtﬁi&iiz;"calcmcua, hard, massive, dark gray
h05 nod. nod.

highly calcareous, hard, black. Ua22 1.3 0.0 low.

: Gy
- -

hard, black. Ua23 1.2 0.0 1low?

Oclites highly calcareous, hard, black to - med—

oue:highly calcareous, oolitic to sub- Very
. hard to medium hard, black. Ua25 1.3 0.0 low

highlrcalcaremm, very hard, dense very

, calca,reous, coarsé, hard, black,  Ua27 035 0.0 low

me: calcareous , hard, dense, black. © Ua28 0,25 0.0 very
P s low
calcarecus, soft, black. Ua29 0.35 0.0 very
&lepa;fedus, dense to sub—oolitic, very

s 31“, black., UaBO 008 . 0.0 " low

'+ slightly calcareous, thin bedded, very

black, Uadl 0.3 0,0 low

S: highly calcareous, hard, massive, black. Ua32 0.3 0.0 very
‘ ~ low

; te- .
¢: medium soft, shaly, black. Ua33 0.6  0.10c very
. low



Sample ness (pef-
No. (feet) cent)

O

=
275

YANADIFERQNS ZONE
Shale: soft, very thin hedded, 3lickensides,

black; makes pronounced re-entrant in very
waterfall cliff, Ua3Lh 1.2 0.19¢ low
Wudstone: highly calcareous, hard, dense, very
black. Ua35 0.6 0.80¢c 1low
3iltstone: non- to slightly calcareous, soft, very
thin bedded, black, Ua36 1.0 1.09¢ low

. Mudstone: highly calcareous, medium hard, . very
'+ dense, massive, black, Ua37 1.0 O.léc low

. Shale: soft, thin bedded, slickensided, very
black... Ua38 0.9 0.17c low
« 311tstone: highly calcareous, hard, massive, very

.+ black, Ua39 1.9 0.0 1low

M:alightly calcareous, soft, black; con-
tains a few hard beds; grades laterally to very
-hard massive ledgs. : Ual0 2,2 0.0 low

“S1ltstone: calcareous , hard, massive, black. very

very

low

very

low

very

: low

ve: calcareous to slightly calcarecus, : very

latively hard, black. . Uak5  0.35 0.05 1low

mﬂt"séﬁ;' non-calcareous, black; re- Sy .
183 graphite; forms prominent re- very
rant at base of vertical falls. low
Stone: ’alightiy:c'alcareozw medium hard, '

®331ve to thin bedded, black. Uak?7 1.5 0.0 low

Auio%nﬂ hi‘ghly calcareous, hard, massive very
9 *hin bedded, black. val8 2.2 0.0 low
?!i«&""‘l‘: voft, fissile, black, Uak9 0.65 0.0 v;ry
ow

R.‘t:,é,i'r‘
CALOra e . X .
A R AN /o tatmare a, hard

- JosS



Thick= V205 P,0s
Sample ness (pef-
No., (feet) cent)

3iltstone: sub-oolitic, relatively soft, thin very
bedded, black, Ua51 0.7 0.1 low
3iltstone: hard, massive, black. Ua52 0.3 0.C5 very
low

siltstone: sub—oolitic, relatively soft, thin 0.1= very
bedded, black, Ua53 2.4 0.2 low
3iltstone: calcareocus, hard, massive, black. Ca5, 5.0 0.0 very
low

Shale: soft to relatively soft, thin bedded,

graphitic appearance; contains a few thin very
hard beds in upper 1 foot. Ua55 3.8 0.2 low
Siltstone: calcarecus, hard, thin bedded, " O very
dense, black, Ua56 0.9 0.1 low
Shale: soft, "graphitic,™ black; a little  very
"roll" in the structure, Ua57 3.0 0.05 1low
Mudstone: calcareous, hard, massive, dark © very
brownish gray. s Ua58 0.8 0.0 1low
Shale: oolitic, gravhitic appearance, soft,
blaclg. : Ua59 2,9 0.0 low
Oolite: meddum hard, lustrous, non-calcareous, Ua60 1.5&¢ 0.0 1low

Shale: soft, prorounced graphitic appearance.

!iard, massive, medium brownish

soft, thin bedded, dark gray to

]

¥udstone : calcareous, hard, massive, medium

Oolite: calcarecus , medium hard, very coarse in

upper 2 inches, : A : Uab5 1,0 0.0 1low?
Colite and dense mudstone: soft to medium hard,

dark gray to medium brownish gray, Uaéé6 2.1 0.0 1low
Colite: calcareons, hard, massive, black. Uab7? 2,0 0.0 low

olite: very hard, massive, -ray, non-
ralcareocus, Uab8 0.2 0.0 1low

J0k



Thick= V05 P50
3ample ness (per-
No. (feet) cent)

Mudstone; very hard, dense, medium gray, none-

calcareous; oolitic, softer and darker in med-
lower part, Uab9 1.9 0.0 {ium
Mudstone: very hard, dense, medium gray, non- very
calcarsous, Ua70 0.5 0.0 low
Pisolite: hard, medium gray. Ua71 1l.2 0.0 high

Siltstone: highly calcarecus, hard massive,
medium gray; cross bedded? . 2.6 n.d. n.d.

Siltstone: relatively soft, thin bedded, dark
grays. 0.5 n.d. n.d.
Slltstone' highly calcareous, hard, massive, .
usdim bmwnish Eriy. 5.0 n.d, n.de.

Kudstorw slightly calcareous, hard but much
Jointed, light to medium gray. e - 4.5. n.de n.de

Sﬂtatme highly calcarecus, very hard, massive
to thin-bedded medium to dark gray. 11.0 n.d. n.d,

Siltst.om much like that atove but light
hrovnish gray weathered; very hard,. 10.0 n.de n.de

‘ f,Siltatonc* ‘medium hard, non-calcareous, massive,
- madiumm tan; much Jointed- softer in lower

L2 n.d. n.d.

2.8
Omtion i
%&mm siltstone or ailty limestone: medium
bright tan. 2.0
: medium soft, cherty?, light ash pray. 2,0
- dol : hard, massive to thick bedded, e
omewhat rcharf:y” light buffy gray; dips +
25-30° g, 65-70, We _ 35.0

N7




Coal Canyon, Ayoming

Complete section of phosvhatic shale member of Phosphoria formation
exposed in U, S. Geological 3urvey trench on south side of Coal Canyon in
Sublette Ridee, sec. 6, T, 26 N., R. 119 W., Lincoln County, Wyoming.

Portion above upper phoschate bed measured by Gale and Richards;l/
remainder described by W. W. Rubey and V. E. McKelvey.

analyses after 7ale and Richards,

isx member

Thick~ V,05

Sample ness
No.

PQOS chemical

(per= (vper-

(feet) cent) cent)

Limestone: cherty, hard, massive, fossil-
iferous, gray; forms wall.

Phosphaiie shale
Linustom' shaly and shattered.

Limasﬁgpev blocky. ,
mm;e. shaly, Qolitic crushed..
Limastone. shattered fossiliferous, black.
. °hosphate rock: shaly, oolitic, impure.

Limst.one' granular, black; and shale, sandy
appearance in part,

Siltst.pm: hard, massive, gray.

VPP*SR PH(BPHATE BED S
Oolite- massive, hard, black weathers gray.

, Shais ﬂssﬂe, soft, black alternating
[th beds (1-4 inches) of blocky silt-
"onesv shale more abundant in uoper
all finely oolitic. ) L

"immestcm- dense, hard, dark gray, buff-gray
weathered.

/i 311{:' dense, soft, brown.

N fcaom.a.

;blocky, soft black
Limestone: concretionary, hard, dark gray.
Oolite: blocky, soft, black.

e —————

184

185

19

n.de
1.8 n.de
. .3.1‘ nodO
19
9;7 : ‘n.d.\

. Qb nod&
7.7 nd.
1.8 0.0
2.2/ 0.05

N c_‘_,; 0.0 Fy
Oy 0.0
2.6 0.0

i 0.1 ‘

o.o e

n.d.

n.d.

nod.
n.d. ~
nodt

n.de

n.de

very
low

high

high:

Yy Gale, H, 3., and 4ichards, R. W,, oo, cit. Pull. 430, o. 502,

08 -



3iltstone: blocky, clayey, dense to medium
zrained, dark brown,

Oclite: soft, fossiliferous, black.

Mudstone: calcareous, medium hard, dark brown.
Siltstone: blocky, calcareous, hard, buff-gray.
Oolite: soft, black.

Sﬂfﬁyﬁan: medium hard, dark brown.

_ Oolite: clayey, soft, black.

Limstone: granular, soft, light gray.

: calcareous, oolitic, dark gray.
: eomretimry, dark gray.
Sﬁtataxe. soft, dark gray.

. ,_00111:@: soft black.

¢ hard, densse, concretionary, black,
soft, fissile to blocky, dark gray

ne: hard, very fossiliferous, dark
" ‘bu.ff-gray weathered,

aoi‘t, blocky to fissile, dark
« Conspicuocus dark red

Y

ale: soft, fishile, dark brown.

Limestine: hard, fosailiferous » dark gray,
bntt-gray a.t.hered

‘:Shale:‘"'a'ort,;'f‘isﬂsﬂe to chippy, black.

A.fj:.\autatmez medium hard, massive, black.

Shale: soft, rissile, black,

Sample
Mo,

153
194

195
196
197
198
199

201

20
21
212

Thick= V 205

1.2

ness (pe
(feet) cent )
l.4 0.0
1.0 0.0
0.1 0.1
1.7 0.0
0.6 0.0
07 0.0
Ooh 0'0
0.1 0.0
1.1 0.0
OJh 0.0
Ouls 0.0
0.5 0.05
0.2 0.0
3.7 0.05
0.06c
2,6 0.98c
11 0.6e
1.0 0.03¢
1.4 0.05¢
1.8 0.0
°.8 o.o

9205

low

med-
ium

BEZ
16.3%
16.3%
16.3%
16.3%
16.3%
16.3%
16.3%
16.3%
16.3%
16.3%
16.3%

16.3%
I
very
low

low

very
low

very
low

11.3%

very

very
low



Limestone: hard, massive, buff-gray,

Shale: soft, fissile, black.
Limestone: fine grained, dark gray.
Shale: soft, fissile, black,

Limestone: hard, concretionary, gray.

.:8halez soft, fissile, black.

Limestone: +hard, massive, dark gray fresh,
pala: buffy gray weathered, upper 0.8 foot
Iessi resistant.

Siltatone* calcareous, medium nard, massive
at too, platy at base, dark gray, huff
weathered.

sm:zc_sort fissile, dark gray.

Siltstone calcareous, massive, dark gray, buff=
gray weather=d,

Shalsz fissile, clayey, soft, black.

3iltatcne: medium hard, dark gray, buff-
waathered.

layey, soft, fissile, black.

T oolitic aott fissile to blocky,
bl&ck; grades into mudstone below,

?ealcareoua, medium hard, massive,
black, buff-gray weathered,

Oolite: soft, massive, black.

Shale: oolitic, dense, soft, f{issile, black;
top forms east wall of old tunnel.

/)]0

Sample
Noe
214

215
216
217
218

219

222

223

230

231
232

233

Thick= V Q

ness
(feet)

1.8

0.7
0.1

2.5

Oy
0.6

L.l

2.5

2.2

3.0

1.0
2.4

1.2
1.3

1.3
2.7
0.6

1.3

1.3
1.3

1.2

(Zoie

cent.)

0.0

0.0
0.0
0.05

0.0

0.25
0.0

0.05

0.2

0.1
0.05

0.0

0.0

0.0

6.1

0.0

0.0

P05

very

1ow
-0
16.8%

16.%
16.8%
16.8%
i6.8%
I

very »
low

T
16.4%
16.4%



Jolite: aoft, massive
wall of old tunrel.,

s OL2CKe —a3e Jorms west

3iltstone: medium hard, massive, -ut much
lointed, darx rray,

siltatone: sor*, chicony, duri -ray,

‘A‘ 3 -
jiltstone: moderatel; calcareous, concretionary,

dark 2ray.

aﬁ.tstone. moderately calcareous, hard, dense,

31t étone. medium hard, chipoy, dark gray.
Siit;;bne: medium hard, thin vedded, hlack.
OOIiée: medivm nard, trin bedded, black.

) Sha.lt;: claycy, oolitic, soft, Iissile, black.

3iltstone slightly calcarcous, medium ‘xard,
P chigpy, dark brcwn. ,

soft fissils to chipoy, black.

, Li'f one: silty, medium hard, blocky, grayish
- Brown,

70 t:_ N 'u‘i . "5 ‘\ ;
Shale: ¢
e

3&315 €layey, calcareocus, soft, fissile.

- 31ltstone: moderately calcarzcus, redium hard,
derse, thin hedded, -~rayish “rown,

thale: golitie in lower A, Lty tissile,
dark ~ray,

) /At

calcareous, medim hard, chipry to fissile,

“hisk= f2(35

3ampls ness
Hoe. (feet)

234 2.4
235 3.5
236 2.3
237 1.3
238 0.C
239 0.2
240 3.9
241 0.3
242 0.8
243 0.9

L7
L 2.9

w6 ‘1f6w
207 3. 2 :
L8 0.3
2149 3.0
250 2.0

' 0.06c

{per—
cent )

0.2

0.0

0.0

0.0

0.0

0.0
0.05
0.05
0.07c

0.42¢

0.15¢

E O .;'Zic

0.10c

0.15¢c

C.11c

very
low

very
low

med-~
ium.

med-
Jum

med-
{um

med=-
Ium

med-
iun

mad-
ium

med-—-
ium

med=-
jum

hirh

med-
ium



Thick= /Ce P705
Sample ness \per-
Yo, \feet) cent)

3iltstone: calcarecus, colitic, mezium hard, very
massive tn ~locigr, z2ark ~rayian :rown, 251 1.2 2.0 lcw
Shale: soft, dark trown. ' 252 1.3 9.0  hizh
3iltstone: calcareous, hackly, fractured, med=
gray-brown, 253 Q.7 3.0 ium
3hale:r soft, fissile, dark brown, 254 0.5 0.0 very
low

Limestone: silty, medium hard, hackly to very
bIocky, zrayish brown. 255 2.3 0.0 low

‘ Siltstme slightly calcareous, ..:dium hard, - med—
- thin bedded, dense, - 256 3.2 0.1 ium

‘Shale: oolitic in uoper cart, medium hard, fissile, med~ -
‘ 51362. 257 1.0 0.2 ium

Sh&le‘ soft denses, dark brown; deep orange very”’
A 258 2’2 0.% lw

3i1t tone. calcareous, hard, massive, ' very

Shale: soft, micaceous, fissile, dark brown.‘ 260 1.8 0.05 very
. - ' . low

* coarse , hard, dark oray; grades into very
limastone below, © 261 0 0.3 0.0 low

1 tion

mestone: hard, massive, dark -ray, weathers . AR
ght: gray, " 261“» 5.8 . Q.0 low

one: silty, hard, thin bedded, buff gray., 262 1.3 0.0 ~ very

low

Loestone: silty, hard,r:mﬁésive, wuff gray. T 263 0.9 0.0 very
; - T low
" Sang: poorly consolidated, rellow-brown, 264 0.3 0.0  very
I low
Limestone: massive, dark -ray, 265 0.5 0.0 very
' low
Jand: calcareous, uncornsolidated, [iely lami- very
"abed in sarh, nupnlias® rrar nd milewiak, 266 2.7 0.0 low

‘;j:‘«f!if;,"': RSN I R SN CI e [ B ST e

' DA P SO o



Colteville, Ayoming

‘iearly camvlete section of the phosvhatic shale member of the Phosvhoria
‘ormation exposed in U, 5. Zeological Survey trench on the hillside above
nire 24 miles northeast of Cokeville, sec. 4, T. 24 N., R. 119 W., Lineoln
ounty, Wyoming (pls. 3, 7); measured by V. Z. McKelvey, Py0g chemical
iralyses after Gale and Richards.l/
Thick~ V,05 P20
Sample ness (per-
No., (feet) cent)

5

lex member,

Limestone: cherty, hard, massive, gray: forms :
ledge _ T n.d. n.d.
Phosphatic shale Dember . - _
Limestone: hard, thin bedded to massive, gray, 426 4,0 0.0  very
: ' - low
3hale HSOft, thin bedded, brown. ' L25 I b ‘ 0.0  very
Line \stone: hard, massive, dark gray,. h2lL 3.6 0.0 v;z )

hard, thin bedded to massive, gray. L23 h.2 0.0 very

: hard, massive, dark cray. 422 1.7 0.0 very

R Shale calcareous, hard, fissile, dark gray. 421 5.5 ;0.0' - very

L

! Shale: hard, fissile, dark brown, -

Oclite: fessiliferous, dark brown. , W7 06 0.0 low
Limestone: hard, thin bedded, dark brown. | 6 0.2 0.0 vory
ow

———

A / .
- . v . T ! OF
= 'alg", '-4. 3., and .‘.ich.‘x‘:‘d’!, A‘{. l‘l. N T, ’;1&., u}}.lo “?OQ e 51 e
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‘nick- V205  PyOs
Samole ness (per-
Yo, (feet) cent)

Shale: soft, thin bedded, brown. 415 0.6 0.0 very <
low

Limestone: hard, fossiliferous, brown. L1k 0.5 0.0 vwle-ry
ow

Shale: calcareous, medium hard, thin bedded,

dark brown. 413 1.4 0.0 very
' low
Shale: like shale above. 412 3.0 0.0 very

.. . - low

Shale: soft, thin bedded; a few thin hard layers, 411 2.5 0.0 very
. o ) * | - ow

low

Oolite: hard; fossiliferous, massive, dark gray. 410 1.2 0.0  high
Shale: calcareocus, soft, fissile, brown. 409 1.3 0.0 very

o - ‘:( -

Shala: calcarecus, "sbft » brown.

» brown: contains calcareous

tatone calcarecus, massive, brown; ccntains
& few coarse)_oolitos. . .

areous, thin bedded, dark gray,

. Siltstone: soft to medium hard, thin bedded,
- dark brown,
Umestone: hard, oolitic, fossiliferous, dark
gray, 3se 1.3 0.0 22,27
RS T Rar, ¢rarea, dark oresy 397 9.7 S 2.2
..

"4



Thick= v 205 P304
3ample ness (per— ’
lNoe (feet) cent)

Limestone: hard, ocolitic, massive, fossil-
iferocus, dark brown. 396 1.5 0.0 12,6%

UPPZR PHCSPHATZ BaD
Phosphate rock: coarsely oolitic, hard,

blocky, dark gray. 427 3.1 3.1 37.0%
Phosphate rock: oolitic, soft to medium hard,

., ~ thin beddad, dark brown. : 428 2.1 0.25 133.2%

Shale: oolitic, soit, fissile, black. 429 0.9 0.1  29.5%

f . ﬁe: soft, thin bedded, brown. 430 0.8 0.1 -very

: , . low

3 431 - 0.0 low

‘ ooiitic, soft to medium hard, dark gray. ’l;32 1.2 | ‘k0.0‘ ‘ 33.4%

thin bedded, dark brown. 433 1.0 0.0 19.5%
‘thin bedded, dark brown, L34 1.2 0.0 high

Lt c;arsa, massive, fossiliferous, gray. 435 0.7 0.0 high
ite: thin bedded, zray. 436 1.4 0.0  med-
- ium
pgrse, masgive, -ray. K37 0.6 O.Q ﬁigh
oarse, massive, gray; fluoritic, 438 1.1 0.0 ?1:1-

0.2 0.0

ilty, earthy weathering, yellou:fsh h .
Tt 4 - 0.9 ~ 0.0

‘bard, massive, dark gray, Wl 0.0

low
. ltstone: hard, massive, brown, w3 0.5 0.0 low
%_Cblitez soft, coarse, shaly, black, Ll 0.1 n.,0 vigg

s



Thick=- VZOS 9205
Jample ness (per-
Noe (feet) cent)

Limestone: hard, buff-gray, L45 0.1 3.0 very

. : low
Oolite: soft, coarse, shaly, black. L6 0.5 0.0 very

. low
Limestone: hard, dense, dark gray, LL7 0.3 0.0 very

‘ low
Oolite: shaly, dark brown. LLE 1.0 0.0 very

g Ak low
+ hard, massiva, gray. LL9 1.1 0.0 very

- 450 0.6 0.0 low
451 0.6 0uC

low

452 0.5 low
453 0.1 very
low
low

455 0.2 0.0 very

458 18 0,0  low
459 0.6  0.Okc med—

L60a 0.5  OJude very
460b 0.4 1,21c very

Shale: 1ike shale ahcve, L6Oc 1.1 0.51lc very

Shale: 11ke ghale above. L60d 0,9 0.19¢ very



Thick- vzo? P05

Sampls ness
No. (feet) cent)
Shale: like shale, above, L60es 0.5 OJllc very
low
Limsstone: hard, massive, fossiliferocus, very
&8 Al 0.7 0.0 low
Siltstone: soft, thin bedded to massive, brown, L62 1.0 0.0 very
low
Shale: soft, fissile, black, 463 0,7 trace very
Lo low
mm: medium hard, massive, brown. Wbh 2,6 trace very
. low
Sﬂtatom‘ ott, uuin, yonou:bh broum. W65 2,7 trace wery
sm-: -odn- h.u-d, dark m o K6 1.2 0.0 low .. s
Stnl-:’ soft., dark brown. T 2.9 0.0 very |
. m
Sutttom: calcarecus, hard, blocky, browm. 8 2,2 0.0 wery T
low
sm.: oolitic, fissile, black, 9 0.5 0.0 low
u-otono: oqutic in part, huﬂ nuivo, ‘ very
e oy i 470 11 0.0  low
g
low
very
low

W5 0.8 035 very

M6 07 01  wery
" Shale: oalitic in part, soft, dark brown; . very
contains a few hard calcarecus layers, . K1 3.2 0.05 low
Shale: 1ixe shale above. K78 3.4 0,05 very

/7



Shale: locally oolitic, soft, fissile, dark
broum to black.

Sh-lp: like shale above,

M: 1ike shale above,

Limsstone: hard, much fractured, light gray.

_Shale: medium hard, thin bedded, dark brown,

Mfou: hu-d, massive, light gray. Poe=
sibly a large talus block, not in place,

Vi 4

Sample ness
No.
479 1.8
LBO 3ok
L8 34
m 1;2
483 2,8
L8l 5.6
W5 k?.é
486 1.6
487 7.5

Thick- V,0¢

" (pef-
(feet) cent)

0.05
0.0

O.l

0.0

.

0.0

0,0

0.0

0.1

0.0

0.0

very

low
very
very

very
ow

very

n.d,



-

Pine Creek, Wyoming

cgglm section of phosphatic shale member of Phosphoria formation exposed
ia S. Geological Survey trench about 100 feet north of east end of the
Coksville Power Plant ditch on Pine Creek, sec. 35, T. 25 XK., R. 118 W,
about 7 miles east of Cokeville, Lincaln County, Wyoming (pl. 7): measured
by J. D. Love,

. Thick- V205 P20
Saplo ness (por-

(feet) cent)
anubor
I.i.lutono: slightly cherty, coarse-grained,
massive, slightly fossilifercus, blmn-m 8,0 n.de n.de
Pbocyh;m shale member? T "

boddod, shaly, with a few very shaly tan
nhbby layers, tan on weathered surfaces, gray
~on'fresh surfaces; comtains some unoriented
!uau aul nodnlca of dark-gray chert.

Phe.phua .m.. member ”

Pbo.plnto rock: calcarecus, impure, hard, very A
ﬁu—grd.md black, 1.2 nfd. n.d,

: U-ltou hard, fins-grained, massive, bluish-
o geay to tang couta.ins unoriented masses ot o £ - c
bla;ek ymnnhr chert, S 8.5 n.t{l.‘ | n.de

: cONM intornl, containing m lontpart ;t
Jeast 1 foot of hard massive phosphate under-
lain by 3 feet or more of earthy yellowish -

; « Upper phosphate bed is aan-whorc
this intornl.

3 °°11to- pbosp}utic, aoft, mnuu coarse

s g
black, s JJ=52 O.h 0.0  high
. ¥dstone: hard, massive, blocky, gray to very
brown; fcrrnginoua stain, JJ-51 2.2 0.0 low

!



Thick= Vo0c P
Sample ness (%251'- F2%
No, (feet) cent)

Oolite: soft, fine-grained, black. JI=50 O.h 6.0 low
Mudstone: blocky, gray. JI-h9 0.6 0.0 very
low
Shale: oolitic, black and rusty. JI-48 O.b 0.0 low
Mudstone: blocky, gray. JI-47 l.d 0.0 very
low

Phocplutc rock: oolitic, soft, bedded, black;
g:ldn dowmward into black shals, slightly

VANADIFERCUS ZONE
- Shale: fissile, black, stained yellow to

ﬁ Shtlc: fissile, black, and black shaly
* soft blocky mdstons, both with orange—
yonow -td.n

:».Mtom: -usiv-, hlocky, gy, . 3-k2 12 0.0

- ¥udstone: blocky, hard, cxnopt near buc SRR T g Y A

low
Shale: fissile, silty, black. : JJ-'-35k 2,2 6.12 very
Shale: fissile, black. - ' JJ=34 l.b  0.23c 1low
Shale: fissile, fRaky, black. JJ=33 Ll O.kbc med-



Thick- ¥,0, P
Sample Hess 12»15'- 205
No. (feet) cemt)

Mudstone: hard, massive, blocky, black; shaly very
bed in middle, : Jl-21 1.5 trace. low
Shale: fissile, black; contains silty layers. Ji=-22 3.3 0.0 very
low

Madstone: hard, blocky, darke-gray. JJ-23 1.0 0.0 very

| . : low
Shale: oolitic, fetid, black, Jd=2i 0.7 0.0  Med-
o . im
’m.eou: slabby, gray. o 3325 0.7 0.0 low
Shale: fissile to plastie, oolitis, slightly B very
fomgd.nm black. . JJ=26. 0.9 ' trace, low

: lldstcu: oolitic, fossiliferous, hlack to . ‘ T very
: hram black chort. at base. JI-27 l1l.6 0.0 low

‘ llu.tam phosphatic, soft, brown, . 3328 0.6 0.0 low

JJ-29 1.2 0.0 med=
) imm

: med-
JJ=30 2.5 _0.0 i

;ﬁtfo rock; coarse, fetid, black.

. intornl. k tav inches of browm
'phuyhatic‘sho.h upoué sf. buo.

‘ﬂltou soft, brown,

borts biack, in irregular beds, 2 to & ST
inches thick; interbedded with shaly, daric- S N

\ » hard limestone in about equal ; ‘ i
Zma. Shaly layers cause slope to be torncod. ko3 mde o mede
f c‘”‘r‘d interval - 6.4 ln.:d.k n.de
Madstone: very hard, massive, dark-bluish-black, 1.0 n.de mede
Covered interval, 7.0 n.d, nd,

B



Thick~ V0

Sample ness (pe
Noe. (feet) cent)

Chert: brittls, massive, white to bluish-black,
irregularly bedded in layers up to 3 feet
thick; interbedded with gray to yellowish,
very hard fine-grained limestons. 20,0 n.de

Wells formatiom?
Dolomite (?); limy, hard, massive, fins, wvuggy,

yollow, 7.0 n.d,
Quartsite: fine-grained, brecciated, ysllowish. 5.0 n.de

R S e T WL
S % o

J A3

P05

n.de

n.de

Nede



Dempsey Ridge, Wyoming

Complets section of phosphatic shale member of Phosphoria formation (pl. 3)e
Lower part exposed in U, S. Geological Survey trench KXk om famlt block om
north side of draw, about one-half mile east of Rock Creek, 2 miles north of
¥ugget Station, i.n sec, 28, T. 22 N., R. 118 W., Lincoln County, Wyoming.

UpporMWOncnstofmticnne about ome~quarter of a mile north=
cast. Measured by Je Da Love,

Thick-
ness
iy (f“t)

mmgtgflnticlm ] N

llxl-bort

Dol.aitc: Vuggy, porous, gray, phosphatic with
.oolite grains in lower part, fossiliferous
,lnd»chorty ncartop.

Pbonph‘t.: hard, massive, medimm-grained, fetid,

Limestone or dolamite: phosphatic, with mmerous
‘oolite grains, vuggy, poorly bedded, gray.

Phaﬂutc: hard, bedded, massive, medimm to
cou'so, black, slightly fossiliferocus, with some

.

o

Dolaito: ndiuto thick-bedded, weathering coarse—
.- grained, vuggy, with numerous geodes, mors dense
Cidm lower pn.rt, gray, darker in lower part.

edcmm, with vuggy chert,
nur buc. -

‘1>‘

M, nry soﬁ., black to brown.
$1ltstone: hard, cherty, medium-bedded, fine, gray. 2.3
SQ1tstoce: thin-bedded, dark-gray, non-calcarecus, 1.6

Siltstono, hard, fine, massive, foasiliferous,
black tn r‘W"-ﬂ:;;r. Foesils rsplaced Ly white

~ Wni‘m’ - v ~rnoon Q<v’”»)1: Q‘-}h

POES 1.5 1, e . ) 1.




Covered interval. /On fault bloc
stons: hard, silty, fins-grained, coarsely
bedded, mouse~gray. Dip is 329 NE, strike
8 350 W,
Shn.h: silicecus, phosphatic, black,
Lt-ubono: siliceous, hard, shaly, bluish-gray,

) Shshz fissils, black.

ihrd, ﬁm—g.'a.‘l.md massive,
‘structureless, pcssibly brecciated, light

Lond tu.", thin—beddod, black; interbedded
Vith mimam shals,

tox'ock sﬂ.iceom, hu'd, highly
lmfom, black,

h&rd, coarse- to fine-grained,

y, dove-gray to black; interbedded with
*L, well bedded, black; mmerous dark
hale partings. Limestons beds moderately
Ods erous and slightly phosphatic near

: ‘oolitic and shaly near top, dark-gray;
Ccuspicucus orange-yellow stain,

*';?;N'tom: very massive, gray.

-~ Golit,: soft, black,

Sample ness
No.
1?
1.5
KK-1 0.2
0.3
KE=2 0,1
ho2-

(feet) cent.)

vzo;_ P20s

n.de

n-do
0.0
n.de.

0.0

n.d.

0.0

KK

KX-5

o6

KK-8

3.0

1.9

2,8
A R 1‘8 .

. T.8

2,2
2.1
0.5

0.6

n.de

0.0
n.de

0.0

n.d.

0.0
n.d.

0.0

n.d,

n.d,

very

n.d.

high



m: moderately soft, slabby, black,

it sngmy oclitlc, very soft, blacke

Shale: fissile, blacke
Shale: fissile, silty near base, black.

/1S

Noe

Kx-21

22

KX-24
Kx-25

Thick= Y205

ness

(per=

(feet) cent)

3.0
0.7
1.2

0.7

1.7

2,5

1.8

2,5

1.2

2.1
1.6

35

2.k

0.0
0.0
0.0

0.0
0.0
0.0
0.0

<.0.06c
0.90c

0.3%
0.0

00

Lo ;

2,3
2,7
1.8

n.de

0.0

tracs

high
very

low

ivm

very

JOre




Mudstone: blocky, black,
Shale: soft, oolitic, fissile, black.

Mudstone: massive, dark-gray.
Shale: fissile, black.

Shale: silty, black; contains mumdstone con—
i rctiuu.

:wll'ObAblr of small displacement,

Sl.lll'd, very ﬁ-m-gnin-d, nagsive
{forms & conspicuous ledge), black. Coarse

I part; very
m‘w Mrf-obhck.

: Matonn ey

v 5:“" shaly limestone interbedded near
L 1

/26

sile, n“’k 'nm fcrrnginm in fl" S,
'11*-7 and blocky near tap. )

; ﬂft -‘m., blocky, hhek.
.ndn,m blecky, bhck to du-k-m; black si~

Sample

No.

KK=27

KK-28

ness

(teet) cont)
102 n.do
1.3 0.24
3.6 n.d.
2,1 0.0
2,3 trace
1.8 0.0
1.2 n.de V
2.5 0.0
1.4 0,01
2,7 0.0
2.6

Thick- vzo

n.d.

n.d,

P05

nede

very
low

n.de




Thick~ V205 Py0s
Samples ness
No. (fsst) cent)

Approximate interval between bottom of trench
and apparent top of Wells, fins; hard, gray,
limestone. Interval consists almost entirely
of hard, blocky, gray mndstons. 63.7 n.de n.d.

¥ells formation,



Brager Canyon, Utah,

Complete section of phosphatic shale member of Phosphoria formation exposed
in U. Sa Ge ical Survey trench on ths north side of Braser Canyon, sec,
18, T. 11 K., R, 8 E., Rich County, Utah (pl. 3): measured by V. 8. McKelvey.

Thick- ¥ P20
ness (pe :
No. (feet) cemt)

Iimestone: hard, massive, contains nodular
layers of black chert, dark gray,.

ata-: hard, locally oolitic, massive,
dark gray.’ -

+ hard, thin bedded (2-4 inches),

e

ey, mten s, msio, e

C low
#* Lnestone: Silty, hard, blocky, dark gray, vory
Yollowish brown weathered. 12r7 2,0 0.0 low
uhaatcno: silty, medium hard to hard, massive J very
to blocky, buff gray. 1278 3.2 0.0 low

[ T



Thiclke- V.0 P
Sample ness (;2:02— 2%
No., (feet) cent)

ERaEe . . BEAKE

Limestone: like limestone above but contains & very
brown-weathering sone at top (1 foot thick). 1279 3.9 0.0 low

Phosphatic shale?

Limestone: phosphatic, oolitis, hard, massive,
black; forms natural outcrope 1280 1.3 0.0 ium
1

Limestone: oolitic near top, silty, hard, very
massive, buff. 1281 3.0 0.0 low i

UPPER PHOSPHATE EED

- Phosphate rock: oolitic, hard, massive,
black, with blus bloom.

Phoophatc rock: like phosphate rock above.

Siltstone: calcarsous, oolitic, medium hard,
~ masaive fresh, shaly weathered, browm.
‘.h"’bmg, with blue bloom.

Shale: moderately calcarsous, oolitic, soft,

Py 4

g

1282 1.8 0.0

I o I S

g
;E
¢

Oulites 1iks ocolite above, but shaly in

"\ upper 0.6 foot, moderately calcarecus,

Limestomns: hard, blocky to massive, gray;
colitic in basal 13 fest.

1294 5.7 0.0 low

Limestone: hard, massive, gray, buff seathered. 1295 2.2 0.0 nlz

/ZZ



Shale: medimm hard, dark brown.
Siltstone: calcarecus, hard, blocky, brown.

Shale: oclitic, soft, black.

Siltstons: calcareous, soft, massive, buff gray,

Shllc: moderately calcarecus, oolitic, soff,

tltono medium hard, blocky, black;
pumerous red and yellow stains,

C :xvlihl shale nhou, but contains a few
“-;11 concnticns.

311tlton.x calcarscus, hard, blocky, dark gray,
& few red and yellow (iron) stains: concre-
tionary weathering,

/3o

Thick- vzo?‘ P05

Sample ness
NOQ (f”t) c‘nt)
1296 O.k 0.0
ium
1297 2.2 0.0 very
low
1298 1’2 0.05 “ry
1ow
1299 0.6 0.0
low
very
130 low
1302  1l.2. 0.0 low
3 0.7 0.0 low
1304 - 1.8 0.0  low
1305 29 0.0  low
m 0.7
1307 2.7
1308 0.5
U3 2
urs o7 0.0 . A
very
L76 3.1 0.0  low



Thick=- V,0 P.
Sample ness (pez- 205
No. (feet) cenmt)

Shale: chippy, dark gray. . KTT 1.0 0,0 very
low

Shale: dark gray; contains limestons concretims. 1478 . 0.6 0.0 very
. low

Shale: soft, chippy; dark gray, red and ysllow : very
stains; contains secondary gypsum. 1479 0.9 0,0 low
Siltstcone: calcarecus, hard, massive, dark gray. 1A80 l.4 0.0 very
: low

Shnlcz aoﬁ., eh:lppy,, blaek, a fow rod and ,.n“,vv e : very

smn soft, dark grqv:: ccntdnl cdemou

cemutiau c 82 0,6 0,0 low
Shnhzlocallyoolitic soft, dark gray; con-— : *
_ tains a few calcareous concretioms .and thin, o very
bard ealcmou ltyors. . - 1a83 3.2 0.0 low

mmatom; hard silty, thin; bedded, dark gav.  L&L Lk 00 very
umtcm: bard, thin bedded, dark o 0.0 very

Shale: medium hard, chippy, iron stained, i very
blaek ccntaim some ncondtry gpoml. ' 21 Iar

antatom waenew!ut oolitic, md, blooky, gray. 1489

Sm. oolit:l.c, ch:lppy to riuilc s bllck; con= ‘
‘tains a limestons concretion 6 mchos in - med-
. diameter 1 fod’. frva top. o _

'Odmrk,ooliu° m-d m crunbly, dark grl.y;

| mofules up to 1 inch in dlamster, . Il 07 0.0  low
| I-inatono: calitis, hard, thin bedded, weathered, R very
dark gray, (probably massive fresh). U2 1,0 0.0 low
Oolite: crumbly, numerous white (1ime) coatings,
shaly, dark gray. 1493 los 0.0 high
Uinastone: hard, fossiliferocus, gray; irregular
in thicknass, possibly because of concre- very
tirrary «r yctussy or folding, LTk .5 2 i

, 431



Thick= V,0, P20s
Sample ness (pa;-
No., (feet) cemt)

Shale: soft, chippy in lower half, dark gray. 1493 3.0 0.0 low

Siltstons: éalcmm, bard, blocky, gray. 1496 3.3 0.0 low
Siltstones lils siltstone above, but weathers very
brown instead of gray., 1497 2,3 0.0 low
Siltstone: hard, dark gray. e 2.0 0.0 v;z
Mm: -hu'd, massive, dense, black, very
weathers buff gray. 1499 2.1 0.0 low
Sﬂ."htone: calcarecus, hard, blocky, dark gray. 1500 2,3 0,0 v;g
xe: hard, dense, massive, black, ‘ T very

IS graye . 1500 2.4 0.0 low
¢t calcareocus, hard, chippy to bloecky, : - very -
fdark gray, S 1502 3.7 0,00 low

m '\hu-‘d,‘kdﬁnu, iasain, dark gray. 1503 2,2 0.0 vary

bard, shaly to blocky, grayish brown;
s a few calcarecus layers,

Vhlrd, dense, massive, dark gray,

hale

Lics: above but contains limestons T

Slnh l‘diun lurd, chippy, grayish brown,

# linestone concretion: hard, weathers grayish , | - very
~ browm, _ 1511 0.7 0.0  low
Shale: calcareous, medium hard, chippy to very

fisalle, dark grayish brown. 1512 1.5 0.0 low

/32



Sample ness (peg-
No. (f..t) cent)

Siltstone: calcarecus, hard, massive, grayish

brown, 1513 1.6 00 low
Shale: finely ocolitic, medium hard, chippy to med-

fissile, dark browm, 1514 1.9 0.0 im
Limsstons: hard, dense, massive, black, buff

gray weathered, 1515 1l.4. 0.0
Shale: locally finsly oolitic, mediwm hard, chippy,

dark brown to black. 1516 8.1 0.0

_ mz hard, dense, massive, dark grq. .~ 1517 - 0.6 0.0

Li.-stmn like limestone above, but more R
»-0olitic snd more massive, 1518

M: hard, nusivo, gray, buff weathered, 1519

H.-ntom: lnrd, maivo, (ecutdm 'hll"- ;e ik"ry" 3

weathering sones), dark gray. . *1528 15.5 0.0 low
Covered: ome outcrop of dark-gray, hard lime~

stone aboui in center of interval 18 a.d. n.d,

3‘11‘ fomtim ncdo ncdo nod.
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Conda mine, Idaho

Partial section of the phesphatic shale member of Phosphoria formation
ssasured largely in the 509 cross-cut of the Anaconda Copper Mining Company
sine at Conda, Caribou County, Idaho (pl. 5). Beds dip about 45° N 78° E,
P:Og.;ui 7505 determinations were made by Anaconda Company.l/ Section des-
erdl by W. W, Rubey and V., E. McKelvey: thickness of units adjusted to
section surveyed and sampled by Anaconda,

Thick= vzos P205
ness (per- (per-
(fest) cent) cent)

Rex member
?husphttie shale member

kAR

...Phosphate. rocks: oolitic, medium hard, brown, in

- beds O.8=1.5 feet thick, interbedded with soft,
_brown: fracture-cleavage clay in beds 0.2~0,6

oot thick, 7.0 0.09% 33.6
_CGlay: soft, tan. : 1.1 0.1528 27.9
'+ Golite: soft, massive, black, 0.3 0.15¢ 27.9
chytsort, tan, O.h 0.15¢ 27.9

ANADIFEROUS ZONE (upper and lower limits uncertain)
Siltstons: soft, fissile and thin-bedded, interd .
bedded black and brown. 1.9 0.2c 27.9
\h Lt - :{: . ﬁ.,{ )
1ltstone: hard, fins—grained, thin-~bedded btut '
sofve, black, = ’ 3.8 0.3% 16,6
tstone: generally soft, thin-bedded, brown a
and black; scms layers fractured; contains hard 3 1
~inch concretion, 3.5 0.3h 12

11tstone: hard ﬁn-gmimd, thin-bedded:
l~ineh fissile shale at top,

i

2.3 0,34 k.2

0.2 0.34 /4

lna Mansfield, G. R.,, Recent studies of reserves of dumestic phosphate:
T, t. mn. ht. &8. T.Ch. mbo 1203, p. 7’ 19w.

3¢



Thick= 7205 PzOs
ness (per. (per=
(feet) cent) cent)

e b

2

Siltstone: very hard, dense. 0.2 3.0-/ E.é
Siltstone: medium hard, thin-bedded, dense; many

slickensided surfaces. 0.7 0.0 13.6
Siltstone: gramlar texture, very thin-bedded, 0.1 0.0 13,6 °
Shale: hard, dense; many slickensidss; almost slate. 4 0,3 0.0 13.6
Siltstone: hard, massive, dense, fine-grained ades ' s

into siltstons above, ’ ’ > & § 1.0 0.0 136
Concretion: very hard siltstons(?). 0.2 0.0 13.6
Siltstone: hard, thin-bedded. : 0,2 0.0 13.6
Concretion: very hard siltstome (?). . Ok 0.0 13,6
S{ltstone: hard, thin-bedded, black. . 0L .00 13,6
Slltstone: soft, thin-beddsd, black, 06 o'a"di‘] 136
$iltstone: hard, massive, black. 1.8 0%% 16.6
3lltstone: hard, (softer weathered), very massive,

black, 2,0 0.09c 16,6

G - . _.t—— .

$ltstone: somewhat softer than bove, thin to slaty :

bedded,

$ltatons: relatively soft, black; soms caleite veins
¢ Dbear bg-o, soms stained red, ; SR

SUtstone: hard, massive, npdiu-gruined to dense,

$Mltstone: relatively soft, much fractured, dense to

ti'u 105 “o’
. Mdium~grained; abundant iron (?) stains on el 11.0 ; :
irregular joint surfaces in lower part, 3.2 0.0901.; ;f-

"2/ This bed, 9.8 feet of beds above it and 3.6 feet of beds below it
grou together in one sample which was found to contain 0.20 percent .
i the 9,8 feet of beds above this sample were subsequently analyzed

tely and found to aversge 0.36 percent V205—elightly more total

um than present in the 13.6 feet of beds, as determined by the other
is, Admitting an error in sampling or apslysis, I am assuming that
Tontly all of the vanadium in the 13.6 feet of beds is conmtained in the
T 9.8 feat and that the lower 3.8 feet is barren, .

i v

i«
i

H

[

P
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Thick~ V,0¢ Po0

2 5
ness (pef— (per-
(feet) cent) cent)

Siltstone; soft, massive, fractured, black (almost
blue black): grades into siltstons above,. 0.5 0.09¢ 9.8

Siltstons: brittle, hard, dense, black; fissile
shals at base, 1.4 0.0% 9.8

Siltstone: hard, dense, brown stains on joints 1 foot
below top; soft black shales partings 2 feet above

m‘. k.é 0.093 9.8
‘_4:“:811tat?oz soft, massive, brown-etained. 1.8 0. he2
cim soft, laminated, tan. 1.9 0.0k he?

1.7 007 12

"sm.: thin-bedded, brown, alternstes with harder,
..., dense, black siltstene, 2,1 0.07c¢ 11,2

; Sﬂ.t-ltonn: hard, dense, ) 0.2 0.07e¢ 11,2
2,2 1.0 n. 1.0 rf.."

"700
‘; Sha 0.8 0,05¢ 7.0
,5~‘  i / +
- Shale: soft, black - 062 0.07c 40

jm;..., hard, dense, black; becomes harder and

62 007 ko
Lk Oglc AOg -
2.9 1.0 ft. 1.0 ft,

-0.05¢ ‘-1200

y (?) brovn contains 1=-inch concretion. '0.8 0.05¢ 12.0
311t¢tom hard, msiva, black. .. 8.1 0.05¢ 6.0 ft,

-8.8
1.8 fto

5t
-4

${1tstone: black, slickensided, lsnticular, © 0.2  0.05¢c 6.4
HMltatone; hard, thin-bedded. 0.5  0.05¢c 6.4

/76




ness (per= (pef-
(feet) cent) cent)

3iltstone: soft, crystalline, black, 0.3 0.05¢ 6.4
Siltstone: hard, dense, 2,0 0.05¢ 60k
Siltstone: soft, lemticular, 0.2  0.05¢ -1%—
Siltstome: hard. 0.1 0.05 1l.k
Siltstone: soft, concretionary. ‘ 1.2 0.05¢ 1l.4
sutat.mc: hard, crystalline, ’ 0.3 0,05¢ l.k
lulston-r hard, | 1.9  0.05c 1.k
l!udatom ‘bard, ‘ - 0.8

‘f‘(\

llniatono: b;rd. o ' Ok
Siltstom very soft, thi.n-boddad. 0.1

mmz hnrd, th:lxr-boddod. 0.8
luistonn lsached (altered?), brown. 2,3
mt-tono: hard, ccncrotianary, black, brown

0.1 . 0
0.1
1.6
0.5

0.5

37

5.-0 B ;L""f R
1.0 O.

0.2

slltstono: htrd, nuin; brown iron stains and
bands inside fresh rock. 1.5

S11tstone: thin-bedded, alternating soft and hard,
brown, dark gray and black; contains soms massive

dense beda and soft brown clays. 0.9 0.05¢ 10,8

/37



Thick-~ V,0.
* ness (xzae;- (%o;-

(fest) cent) cent)

Siltstone: very hard, massive, dark brown, 0.2 0.05¢ 1lo0.8
Siltstone: medium hard, hackly, medium brown. 0.1 0.05¢ 10.8

Siltstone: dense, hard, medium~ to thin-bedded, black, 0.5 0.05¢ 10.8

Clay: soft, liesegang banded, massive, tan. 1.5 0.05¢ 13.5
Siltstone: hard, thin-bedded; alternates with soft ‘
black layers 1l-i4 inches thick. 2,0 0.05¢ 13.5
© S1itstons: hard, thin-bedded, ysllow-stained. 1,3 0.09¢ 8,
" S1ltstone: soft, crumpled, black. 1.0 0.09 8.1
* S{1tstone: hard, thin- to medium~bedded; alternates : 3.5 ft.
. with occasional 2- to 3-inch beds of soft, black :

siltstone. n‘h

- Siltstone: soft, thin-bedded, dark brown to blacke 1.0

: Clay: soft, massive, tan to black; irregularly :
. | splotched in color and clearly secondary, 2.0 0.09% 9.5

b -3 3
 Siltstone: hard, dense, massive, black. 2,7 1.8 ft. 1.8 1t

0:9%s 03 T

=0.02c 9.1 .-

;utotom' bard, thin, ehippy; m.emms \d.th soft

bhck hpra. 4 L, ‘
sm.- soft, mcoﬁaolidated, black a fcw ncan-" S
spicuous brown stainsg’ _ i 1.5 0,02¢ 10.6
S11tstone: thin— and medium~bedded, chippy. 0.7 0.020 10,6
3iltstone: soft, thin-bedded, black, 0.2 0.02¢c 10,6

/38



Siltstone: hard, thin- to medium~bedded.
Clay: soft, diffusion banded, massive, tan.

Siltstone: hard, fine-grained, thin-bedded; alter-
nates with subordinate soft, black #-inch layers,

Shals or mudstone: hard, chippy, thin-bedded,

Shale: fissile to thin-bedded, black; lustrous
~gummy clay seem at top.

'Slnls: soft, clayey, thin-bedded to fissile.
Siltatom: hard, thin-bedded, dark browm,
Siltstone: massive , medium to dark brown.

Sﬂtltmo- soft, massive, tan secondary discoloration.

%Chr soft, massive, medium to dark brown,

_'sut-tom mediun hard, thin-bedded, black.

CQay: soﬁ:, massive, tan.

« Sﬂtatono medium soft to hard, udimn- to thin-
bedded, laminated, dark bx-own, tan, and black;
nore msivc tbo"

Ay: ludmtod soft, tan,

aoftk tl.n.

‘ihy aoft, lont.iculnr, tan,

7 LOWER PHOSPHATE BED °
- Phosphate rock, granular (oolit.ic?), dark gray;
tan partings.

Phosphate rock: oolitic to fine-grained.

Phosphate rock: dense to fine-grained, black.

Al

T A I B T T B o

/37

Thick- VzO

ness (pon- (ﬁ?—
(feet) cent) cent)

‘ Siltstom: medium hard, laminated, tan to medium brown. 0,9 0.18¢

1.2 0.02¢
0.7 0.02¢c
2,3 0.02c
0.9 0.02¢
l.1 0.02¢c
2,2 0,02
0,5 0.02¢
2,6 1.3 tt.
=0,02¢
-0.02¢
0.7 0.02c
O 0.02c
1,5 0.02c
—3—
0.1 0.,18¢
2.1 4:'" 0.18 ,,
0.7 0.8
0.7 0.18c
0.1 0.18c
0.2 0.18¢
-3
1.3 0.25¢
3. 0.25¢
1.6 0.,25¢

10.6
10.6

18,7
18.7
18.7
1.3 rt.

-18.7 £

B 5 o
"'309

3.9
3.9
3.9
214
2.4

21.4
2.4
21.4

214
21,4

33.2
33.2
33,2

£.8



Thick= V205 P50
ness (per- (pe
(feet) cent) cent)

3iltstons: hard, fine-grained, massive, dark gray. 1.0° 0.1l6c 6.8
—- %
Clay: grades into siltstone above, 0.5 0,02c 1.8
Clay: soft, tan, 0.5 0.02¢ 1.8
Clay: massive, medium hard, tan. 1.3 0.02c 1.8
Clay: soft, thin dark gray streaks, 0,3 0,02 1.8
&u-te?): medium hard, gray. 0.3 0.02c 1.8

recciaz probably black chert and tan clay. 0.5 -0.,02¢ 1.8
%ells formation

""Rice 1ime"; fine-grained, tan, dolamite. 5,02 2.2 ft. 2.2, ft.
. 2002 -L2 ¢

/o



L) S et s 2
Tolal  THeSs A

Caldwell Canyon, Idaho

Jearly complete section of the phosphatic shale member of the Phosphoria
formation exposed in U, S. Geological Survey trench on the north side of
Caldwell Canyon, sec. 7, T. 8 S., R. 44 E., Caribou County, Idaho (pl. 5):
ssasured by V. E. McKelvey.

Thick- V205 on

Sample ness (per- 5
No, (feet) cent)

Hex member,

Chert: calcareocus, hard, blocky, light gray. 1529 n.de 0.0 very
low

Covered. 3.9

Phosphatic shale member,

" iltstone: soft, shaly, brown; soil admixed, very
- possibly not in place, 1530 2,1 0.0 low
Shale: calcarsous, soft, platy, dark brown; much very
. weathered, 1531 1,9 0.00 low
mt:tou: calcareous, hard, blocky, fossiliferous, very
. brown, 1532 3.5 0.0 low
Jiltstone: medium hard, thin-bedded, brown; grades very

- into siltstone above, 1533 14 0,0 low

& .
‘$ltstone: soft to medium hard, shaly, dark brown.1534 2,6 0.0 very
mtttom:hard, dark brown; contains nodules very

about 1 inch in diameter, 1535 Qb 0.0  low

Hltstons: locally oolitic, hard, thin bedded,
brown; contains elliptical concretions 2 inches T
in disameter. Grades into siltstone above, 1536 0.5

Solite: nodular, hard but cruibly, black, 1537 0k 0.0 v;z
Shale: soft, a few nodules in upper part, black; : very

grades into oolite above, : s

. 71538 1.6 0.0 low .
Nitstone: ctlcmons', soft (local hard layers), B ,
fossiliferous, yellow-brown., Possibly very
weathered limestone, 1539 2.3 0.0 low

UPPER PHOSPHATE ZONE
Oolite, hard but crumbly, thin bedded, gray;
yellow stains parallel to bedding, 1540 2.4 0.0 high

.7



shales: oolitic, soft, brown; light brown
l-inch bed at base.

folite: hard but crumbly, shaly, blacke.

TANADIFEROUS ZONE (lower limit indefinite)
Shals: oolitic, soft, black.

Shale: like above,

Shtloz liks above,

'Shale: like shale above but contains a
: few nodules and small concretions,

Sbtlo: like shale above but contains many
amall nodules and concretions,

Shsle: soft, black; contains many elliptical
.concretions (medium hard) up to 3 inches
in diameter,

ultatom: medium hard, sh&lj to blocky, dark
browm; contains elliptical nodules up to 6
::inches in diameter—probably formed by

g

ugg.thndo

. e:f:ﬁnly oolitic, medium hard, chippy to
ibloeky (cross fractured), black,

medinm hard, fissile to chippy, dark

Utstone: medium hard, blocky, brown.

,,,,,,

8’Jntat.om: locally oolitic, soft, shaly, dark
b!‘m

3
1 <
Dy s savecay, 9o ft, sarthy, hrowm,

1554 0.7 0.0 very

iutttom: soft and earthy to medium hard, brown,

Thick- Vzos P205
Sample ness (pei-
No. (feet) cent)

very
1541 1.5 0.05 low

1542 0.8 trace low

very
1543 2.2 O.42c low

low

low

very
1546 1.2 0.0 low

1547 1.3 0.0 low
1548 2.7 0.0 1low

very

1550 3.3 0.0 very
1551 1.1 0.0 ° low

very -
1552 2,2 0.0 low

- : ”n i
1553 2,0 0.0 low

low

very
1556 2.3 0.0  low



No.

Shale: soft, dark brown, 1558
Siltstone: soft to medium hard, shaly to blocky,

brown. 1559

Oalite: soft, black; contains hard nodules. 1560

Siltstone: somswhat oolitic, soft, contains
many small medium hard concretions, shaly, brown.1561

mtstonv calcareocus, hard, massive, brown. 1562

Sﬂtstom: somewhat oolitic, soft, shaly, brown:
cnta:lns many nall medium hard concretions. 1563

Sﬂtatcna: moderately calcareous, hard, massive,
!n'oun, ught brown stains, 1564

Sﬂtston. medium hard, shaly to bloclcy, . 1565

.Siltstom: calcarsous, hard, chippy, brown te
; &3y, contains a few small nodules; grades
finto siltstone above, 1566

351 .r,y,sén, earthy, massive, yellowish brown;
) ecntuna & fow hard fragmants of same na.teria.l. 1567

mtttono: ealcmous, hard, blocky, dark
: grlyiah hrown rsddish p].lav stain, 1568

’T. hud, thin-beddod greenish black;

1569
1570
1M
35\10: soft, mch vuthored, bhclt containa :
mll hard nodules, - P 1572

suhtem' medium hard, ah;ly to massive, dark
brown; 1ight brown earthy zones at top and base, 1573

Rale: calcareous , soft, weathered, black. 1574

1}%3%,“. 30t *~ medium hard, trown; rosaibly
S n n‘ ar . v oo,

Y3

Thick~ V,0
Sample ness (pe

(feet) cent)

0.8

2.6

0.4

1.6

0.6

0.8

0.7

0.9

3.8
1.4
1.4

b2

2.6

1.6

0.7

4.2
2.1

0.0

0.0

0.0

0.0

0.0
0.0

0.0
0.0

0.0
0.0
0.0

0.0

0.0

0.0

0.0

0.0
C.0

very
low

very
low

low

very

very
very

very
low

very
very
very
very

very
low

very"*

very
low

very
low

very
low



e o ——

Linestons: htrd, blocky to massi

Thick- V,0 - P.O
Sampls ness (3005- 275
No. (f“t) cm)

Silt: massive, very light in weight, light
- yellowish b . 1576

Shale: somewhat colitic, soft, black; much
weathered, 1577

Shale: soft to medium hard, gray browm. 1578

1579
1580

"’ m-

1584
1585

1586

1587

:b].ack.

Maestone: oolttic, hard » &ray; possibly

lenticular, 1592

VR PHOSPHATE HED
Colite: medium hard, shaly, black, 1593

194

1581 11.5 0.0

1562 1.9

1583

1588 e
‘1‘0 e

- 15%

1591

very
1.0 0.0 low

very
1.3 0.0 low

2.0 0.0 very
low

very
3.6 0.0 low
2.9 0.0 very

he7

3.0
1.0

3.5

2,2

0.8 o,

0.7 o.

ry

"2.9 0.0 med-
very

low

2.2 0.0

0.4 0.05 1low

R -



Thick- V50 P205

Sample mess (po§-
No. (fest) cent)

Siltstone: calcareous, oolitic, hard,

very

massive, brown, 1594 0,6 <0.,06c low
Oclite: medium hard, shaly, black, 1595 3.6 0.27c med=
ium

Oolite: like above, 1596 3,2 0.25¢c low
Shale: clayey, soft, reddish brown. 1597 0.2 0.86c very
low

Oalite: hard, massive, gray, ‘ 1598 0.2 0.0 1low

Yells formation,
Limsstone: hard, massive, gray. 1599 n.de n.d. n.de

/¥#S



Swan Lake Gulch, Idaho

somplete section of phosphatic shale member of Phosphoria formation exposed
in U. S. Geological Survey trench on the north side of Swan Lake Gulch, sec,
9, Te 9 S., R. 43 B., Caribou County, Idaho; measured by V. E. McKelvey.
Thick- V,0 P205
Sample ness (pez-
No. (feet) cent)

Sax member,
ébart: hard, thin-bedded (2-4 inches), gray to very
- black, 1316 0.0 low

Mphttic shsla member,

fq.itu: soderately calcareous, hard, thin-bedded very
; (sh&lr at buc), gray. 1317 0.5 - 0.0  low

1318 o,8
m: ao!t -xch mgtbor.d (11.- co;ting Qlong L
‘f‘.‘)ointa), du'kbrovn. . 1319 1.4

tttann:uﬂm hard, massive, yallov brown, 1320 0,7

Siltatom: hard, massive, in upper 0.7 foot, thin-
"“b.ddadbolov, yellow to medimm brown, 1321 1.7

3 tltom‘:; hu-d, massive, yellow to medimm brown. 1322 3.1

1323 0.8

132k 0.1

s 2.3

‘medium hard, meh mthand ‘shaly to
'blocky’ brown. * Softer and 8arker in Iovur O.k
’ m-adu into lnt-tom tbon. :

e 3&1‘: oolitic modimm hard, black, 1328 0.3 0.2

£ f:;:: - T ‘.ry
1327 2,3 0.0  low
mod-
ium

‘iltatom: fluor-liks, yellow browm; contains
Rany hard calcareocus fragments. Posasibly very
weathered limestone, 1329 1.1 0,05 low



Thick=~ V,0 P,0
Sample ness (%.?-. 275
No, (fest) cent)

. JPPER PHOSPHATE ZONE

Oolitic shale: soft, black; contains hard med-
layers of ocolite, 1330 1.4 0,05 ium
Shale: oolitic, soft, much weathered (lime very
coating along joints), brown, 1331 1.2 Ouly low
Limstons: oolitic, blocky, brown. 1332 1.1 0.0 very
low
Shale: locally oclitic, soft to medium hard
much weathered (lime coating along jointas very
. in upper 0.8 foot, brown, 1333 2.7 0e35 low
Mit.' soft and hard layers interbedded, dark
hrunx to bllcr. . _ 1334 lfl;;' 025 low

YIIADIFER(IB m (lovnr limit indefinite) -
Shale: soft, dark gray; contains a few lime=

~ stons concretions (one 4 x 8 inches) and a

" few thin limestons beds at base. 1335 1.9 O.5lc Iow

'_f'-:j_jsm.: like shale above. 1336 1.6 0.3% low

L Limatone; hard, dark gray. 037 0.2 0.06 very
Shlh: aoﬁ:, dark gray. 1338 2.2: OuLTe v;ry
Shd..: sott, ﬂuilo, black; a few limestone ’ A toLn
. concretions and thin 1imestone seans (1% S L wvery
inches) at top and bottom. 1339 2.8 O.8% low -

- 3hllc ﬁmly ool:ltic, soft, black; weathered
' (1ime cement); 4 x 10 inch limestons con=
o cration at base.

oo.tt to mdiun hard, dark brown,. Gndoa |

Mlz soft, weathered (I.ha cmnt) da.rk brown; < S

6 x 12 inch lime concretion at base, 1343 1.4 0.0 low
3uf'ﬂ-mw: medium hard to hard, blocky, brown. 134l 43 0.0 low
"t stone: t dded, 1light very
; b:,.::' medium hard to hard, thin-bedded, lig 1365 1.1 0.0 Low

147



Siltstone: medium hard, blocky, dark brown; con
tains numsrous small nodules.

3i1tstone: medium hard, blocky, dark brown; con-
tains many small nodules.

Siltstone: medium hard, blocky, brown.

Shale: soft, much weathered, hlack,

”

Siltstone: medium hard, massive, brown.

mtatm: mediom hard, shaly, brovh.

Siltstons: brown, much weathered; possibly not

Shale: somewhat oolitic, much weathered, black,

[ d

Sﬂutou: medium hard, nusivu; ytllow brown.

Shale: locally oolit.ic, medium hard, black.

g
Shale: .nm oolitic, soft, fissile, black;

ﬁgﬁ-imm light brown shale in middle,

G

;?hllo ?uo.ﬂ:,to ned:lm hard, black; contains
nmrm nodnlu; gradcs into ahalo abon.

$ltatone: medium hard, ahuy to blocky yollow

_Qlllv slightly oolitic, soft, black; numerous

‘iren staim contd.ns a few mdiun hard layers.

$1tstone: noun-lm light yollav brown in
epper 0.6 foot; udiun hard, medium brown
in lower part,

S48

b:o\m’to ln'amv weathersd, possibly not 1n phco.1359 5,0 0.0 low

Thick- V,05 P20s
Sample ness (per-
No. (feet) cent)

very
1346 1.7 0.0 1low

very
1347 1.1 0.0 low

1348 3.2 0,0 very
low

1350 0.7 0.0 very

1351 2.6 0.0 very

3.L | 'n.d.: n.d.
. i “ry

low

1354 0.6 0.0 very

1355 1.9 0.0 very

1356 2.4 0.0 low

1357 0.7 0.0 1low

1360 2.3 0.0 low

very
1361 2,2 0.0 low



P,0
Sample Ness (pefe 2"5
No, (feet) cent)

Si1t: flour-like, very light in weight, massive,

light yellow brown, a few layers of medium very
brown siltstone. Possibly weathered limestone, 1362 4.9 0.0 low

Limestone: hard, blocky, brown. 1363 1.5 0.0 very
low

Nodular oolite: crumbly, black, 1364 0.5 0.0 med-
ivm

Shale: soft to medium hard, black, mmerous irom

_ stains. 1365 1.5 0.0 1low
Siitstone: hard, massive, brown. 1366 3.4 0.0 very
e : * low
Siltstone: 1ike siltstone above, 1367 2.4. 0.0 very
) : , low
Nodular oolite: massive but crumbly, dark gray; : very
Jumerous iron stains. 1368 1.1 0.0 low

ok

Sﬂtstonc calcareous, soft, massive, light tan, 1369 1,0 0.0 vwery

.00111’..: medium hard, massive, black. 1370 1.0 0.0 1low
:311tstom ‘locally oolitic, mediwm hard, blocky, very
;»&brown grndos into oolite above, 1371 &1 0.0 low

oblito: aott, luaivo, black, 1372 1.2 0.0 1low
&ih-tan !ard, blocky, brown; contorted poe— . very
lihly bocauu o!’ spheroidal mtharing. 1373 3.7 0.0 = low
| 137k 3.2 0.0 very

1375 2.7 0,0 very

tutono:r -ort', -nch na.t.herocl, thin-boddod,
,"hlm crumbly, black; eenum oonuc
. nodules, i

Wtstone: medium hard, massive, brown, 1378 1.2 0.0 vnlz
it massive, contorted, light yellow brown. very

Thickneas approxinate. 1379 1.0 0.0 low
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Thiclke- V. P,0
Sample Ness (12:;5 2"5
No. (feet) cent)

Shale: soft to medium hard, light brown; much very
weathered, not entirely in place, 1380 2,2 0,0 low
Shale: oolitic, much weathered, black. 1381 2,5 0,0 very
low
Shale: dark brown; contains numerous small very
elliptical concretions, 1382 1.4 0.0 low
Shale: soft, light brown, 1383 0.8 0.0 vwvery
/ low °
‘Shale: dark brown to black. Grades into shale
' aboves 1384 1.5 0.0 low
Si]:t:'; soft, massive, _ndiun brown, 1385 0.8 0.0 very

. Shle%:ylocdly oolitic, soft, dark brown to
" black,.. 1386 3.1 0.0 1low

1387 0.5 0.0 low

Shllo: soft, fissile, black; much weathered,
Possibly not in place, 1388 3.9 0.0 1low

: locally oolitic, soft, fissile, black. 1389 3.7 0.0 low

Shale: oolitic, soft, much weathsred, black, 1390 3.0 0.0 very
. . B ':};i;, ‘ 1“
hard but crumbly, shaly, black, o 1391 3.4 Ol2e ?d— ’

: 1ike colite above, 1392 2.7  O.kSc med-

Oolites hard tut crumbly, thin bedded, black. 1393

)+ soft, much weathered, dark brown. 139%

; Wtetone: 110t brown, weathered, fairly mass-
v+ ive; possibly weathered limestone., Grades very
into shale above, 1395 l.4 0.25 low



Thick- V,0x P,O
. Sample ness (gegs 275
No, (feet) cent)

loolite: hard, shaly, gray. 1396 0.3  trace high

formation,

_%Linutozn: hard, massive, in upper 2 feet,
gray; grades domward into yellowish sandy
|, limestone (weathered). 1397 4.0 n.de n.de




Montpelisr Canyon, Idaho

(aaplete section of phosphatic shale member of Phosphoria formation exposed
ta U. S. Geological Survey trench on the north side of Momtpslier Canyon,

gec. 31, T. 12 S., R. 45 E., Bear Lake County, Idaho (pl. 7); lower phosphate
‘sed and beds below described from natural sxposure at the sonth end of
jaterloo Hill, on the south side of Montpelier Canyon. Section measured by

Y 80 ml"Yo

j Thick- V505 P20s
; Sample ness (per-

1 No. (feet) cemt)
élﬁx—ber. _

.. Cherty limestone: hard, massive, light to dark very
e 5Th 2,0 0.0 low

Fhonplntic shale member.,

| Siltstone: soft, massive, light btown, 573 0.4 0,0

' Shale: soft, brown. 572 1.3 0.0
| S11tetone: calcarecus s locally oolitic, medimm
hard, light brown; beds about 0.3 foot thicke 571 6.5 0.0

: - mtstono: locally oolitic, medium hard, massive,
light brown, weathers light gray. 570 2.9 0.0

THRIEIRT

1tstone: locally oolitic, calcareous, medium ;
lnrd, thin bedded, dark brown,. 0.15

5271 1.6 0. low

» :;siltstomz 3113!11.11 calcarecus, soft, brown,
§ hote

:7 %lite: calcarecus s hard but much fractured,
. thin bedded, gray. 526 1.2 0.0 low

/ST




. S1ltstons: calcarecus, oolitic in part, massive,
- brown,

Oolite: coarse, hard but mmch fractured, thin
bedded, gray; contains a 6-inch limestone
concretion.

\S:llt: soft, brown.

Siltstom. calcareous, coarsely oolitic in lower
555 part, finely oolitic in upper part, massive,
brown,

£

Slnlu: finely oolitic, browm; interbedded with
‘. coarse soft oolite..

-Oolite: calcareous, coarss, soft, thin bedded,
gray,

Limestone: ocolitic, hard, massive, brown,.

Shale: slightly calcareous, ocolitic, medium hard,
.+ but much fractured, thin bedded, dark brown.

.Calcareous concretion: hard, brown.

VANADIFEROUS ZONE (lower limit indefinite)
Siltstone: oolitic, soft, thin-bedded, gray
to brown.

Siltstone: like siltstons above,

Siltst.on;: like siltstone above,
e Siltatony: like niltgtom above,
Siltstone: liks siltstone above,
* S§iltstone: like cﬂ.tstom above, ‘
Suutone. oolitic, soft, thin bedded, gray to

-4
1
i 3{1tatons: like siltstons above,

Y.tytas-4: Ble v, ymllowlsh brown,

/153

525

524
523

522

521

520

519

518
517

575
576

Thick=- V. P
Sample m:¢ (%aoxs'- 205
No. (feet) cent)

0.8

2,9
0.2

1.0

1.0

0.5
0.8

2.3

0.8
0.8
1.3

1.5
1.4

1.4

1.0

he8
3e5

0.8

0,0 very

0.1 high

0.25 high
0025 mned-
ium

)~ 1.0
0025 imm

0025 iunm

0.25 1low

very
0.25 low

0.0 very

very

0.79¢ low

0.57¢ very

0¢55¢ low
0.32c very

vory
0.05 very
‘ low

low

0.05

0.1 low

trace very

0,05 very



Siltstone: oolitic, moderately calcareocus, medium

hard, browm,
Oolite: medium hard, grayish brown. .
Siltstone: slightly calcarsous, medium hard,
massive, brown,

_S1ltstone: thin bedded, medium hard, dark

Sﬂtatou: slightly calcareocus, soft to medium
L5 b .

Shale: soft, blocky, dark gray.

311tstone: bard, massive, dark gray to black.
’:gsuumz soft, ;asiw » brown.

sm.g slightly calcareous, locally oolitic,

medium hard, thin bedded, dark gray.
hnutom S hard, mch fractured, buff gray,

hlo: alightly calcarecus, soft to medium hard,

hale: calcarecus :fincly oolij.ie, soft, thin
“bedded, black, -

:Limestons: ha.rd,' gray; posaibly concretionary,

* Shale: calcarecus, soft, clayey, finely
laminated, dark brown,

Lim. stonm: Hr -, mch fractursd, buff gray;

‘_-14,& o . “kAn';r‘

384
383

381

380
379

378

m

376
75

374

372

n

369

3é8

167

Thick- V. 20
Sample ness (p.

No.

(feet) cent)

3.5
1.4

0.9

6.1

2,2
1.2

1.6

0.8

b8

8.2

5.2
0.k

1.2
o

6.2

0.2

V.7

trace

0.0

0.1

0.1

0.1
0.0

0.05

0.0

0.0

0.0'

0.0

0.0
0.0

0.0

0.0

0.0

.

very
low

very
low

very
low

very
very
low

very
low

imm

very
low

low

very
low

0.0

low

very
low

very
low

low

very
low

low

vary



Thick=- ¢ o on
Sample ness (pa;s.
No. (feet) cent)

Shale: slightly calcareous, clayey, soft, thin- very
bodded, black. . 366 3.2 0.0 low
Shale: slightly calcarecus, medium hard, thine very
bedded (1-2 inches), dark gray. 365 0.6 0.0 low
Siltstone: calcareous, soft, massive, brown. 364 0,8 0.0 very
low

Shale: moderately calcareous, finely oolitic

(contains small limestone concretions), soft, very
- blaeke 363 2.3 0.0 low
Shale: calcarecus, medium hard, thin—bedded, . very
gray; light gray weathered, 362 1.7 0.0 low

Shale; slightly calcarecus, fissile, soft to ‘ very
medium hard, dark gray. 1.8 0.0 low

Limestone concretions: isolated within th. shale; ' very

B

hard, dark gray, 360 Ok 0,0 low:
Shala: slightly calcareous, sub-oolitic, soft to

medium hard, fissile, dark gray. 359 3.9 0.0 Jow
3iltstone: calcareous, much fractured, granular, ‘ very
2'medium hard, dark gray to black. 358 0.6 0.05 low
Shale: aub-oolitic, calcareous, clayey, soft, dark " very

Limestons: hard, much fractured, g'-.y:lah brown,
Light m natbcnd.

‘>_3hnht -odoratolr cnlca.r-ous ’ thin-bodlnd, dark : ’ o
&y, { oy : 39% 3.5 0.0 imm

’

LRI .

Lhnstom: hard, donao, ccncr-timry, dark gray. 391 1’.7‘_) 0.0:‘2 J.ow

 Shale: thin-bedded, dark brown; hard 8-1nch R
¢ limestone concretion at top. ‘ 390 3.2 0.5 imm
. Shale: 1ike shale above. 389 2.4 0.15 x;::—
‘11tstone: sligzhtly calcareous, massive, dark med~—
brone ’ 355 0.7 0.15 fua



Thick- V2 P,O
Sample ness (pgsr- 275
No. (feet) cent)

Shale: moderately calcarecus, soft, dark gray mod-
to black. 354 1.8 0.1 ium

Limestone: hard, beds 2-6 inches thick, dark gray. 353 1.5 0.0 very
low

Shale: fissile to thin bedded (1=-2 inches), dark
gray; oolites up to 3 mm. in diameter irregue .
larly distributad throughout. 352 2.4 0.0 righ

Cap lime: limestons, oolitic, hard, massive,
- except for upper O.4-0.6 foot which is shaly;
. fossiliferous, buff gray fresh, light gray ~

?l.uund at the south end of Waterloo Hill
LOWER PHOSPHATE EED

Oolite: soft to medium hard, thin=bedded
(beds 0.1-0,3 foot thick), brownish black

to black., Oolite grains range from about : .
1/16 to 1/8 inch in diameter. Vertical
Joints are comspicuous and are coated -
with whit4 carbonate, 1646 2.0 0.23¢c 34.881/ -
.Oolite: liks ocolite above except more )
shuy (beds 0.02-0,2 foot thick). 1645 1.7  0e¢55¢c 34.8

; Oolitc: medium hard, massive in lower 0.4
. foot (one bed), shaly in upper 0.2 foot
(beds 0.01-0.05 foot thick), brownish
black to black fresh (oolite grdno are
. black, matrix is htovnish bhck) .
brown \nathared. gortes »

164
1643

’_ . nom—oolitic, beds 0,01-0.02 foot e

thick, hmh-bmko ) 16‘.1 0.5 0.62¢ aodo
tstom. soft, non—oolitic in lower 0.3 foot, o

noderately oolitic in upper 0.1 foot, shaly

(beds 0.1 foot thick), brownish black, 1640 O.4  0.17c nde

3

1/ Analyses of entire lower phosphate bed from U. S. Geological Survey
01‘ Paper 152, p. 280,

/5t



Thick- V 0
Sample ness (pei—
No. (feet) cent)

Limestone: silty, hard, massive, prominently
fractured perpendicular to bedding, fossil-
iferous, brownish gray to brownish black fresh,
light .brownish gray weathered, 1639 2.0 n.d, n.d,

Limestone: hard, shaly, brownish gray to browne
ish black fresh, light brownish gray
weathered; not well exposed. 1638 0.5 n.d. n.d.

bolite: hard, fine-grained, fossiliferous,

black, conspicuous bluish-white bloom on
upper surface. 0.3 n.d. n.d,

klls formation..

Limestone: very hard, coarse-grained, dense,
massive, fossiliferous, &ray. 1637 n.d. n.de



d Folel T ¥ Sf)P= 190
Bloomington Canyon, Idaho

‘Composite section of phosphatic shale member of Phosphoria formation measured
Consolidated mine cross—cut and in 9-8 cross—cut in draw joining Blooming=
Canyon about 2 miles from Bloomingtan, Idaho, sec. 23, T. 15 S., R. 43 E.,

E;:r Lake County, Idaho; section in 9=S cross-cut measured by A. L. Slaughter,
t in Cons ted mine by V, E, McKelvey. The vanadium and phosphate analy-

.ses of the vanadiferous zone represent the average of several made by the
' Coal and Manufacturing Company, agent for the Mstals Reserve Company,

Thick= V20, P,0
| Sample ness (poi\- 2
| No. (feet) cent)
Measured in Consolidated mine cross-cut
E‘n member (chert). 731 O+ 0.0 very
low
Phosphatic shale member, ‘
Oolite: soft, fines, gray. 730 0,7 0,05 med=
‘ . 1am
i Siltstons: medium hard, light tan, 729 0,8 0.05 very
low
Siltstone: hard, massive, dark brown. 728 1.8 0.05 v;z
Siltatone: soft, \nathorod, massive, light T wvery

- brown, 721 3.6 0.25 low
':tSilt: clayey, soft, massive, reddish, brown,

:Si1tstone: soft, massive, brown.
¥ Oolite: soft, coarse, gray; red clay near

. tap. - i t
Oolite: soft, coarse, gray,

SR 3

"~ Oolite: soft, coarse, gray. 72 2.6 01 med-
 Oolites soft, massive, light gray. T4 3.0 0.5 med-
Clay: oolitic, soft, dark brown. 492 0.7 Ocb5c med-
ium

()Olitﬂ: Soft. light gl‘&J’. ‘l91 006 0.216 Td"‘
un
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Siltstone: clayey, oolitic in places, light
brown,

VANADIFEROUS ZONE (thickness and V205 content
based on average of many measursments in
north and south drifts)

Siltstone: medium hard, well-bedded, (beds
rangs from 2 to 8 inches in thickness),
blocky, dark brown; a soft, black slicken-
sided siltstone at top.

Siltstone lenses: locally calcareous, soft to
hard, massive, black; included in either silt-
stane bed or oolite depending upon local
character. Thickness is not in additiom to
that of oolite and siltstone bed,

Oolite: hard, coarse, black; thin layers of
siltstone interbedded in upper half,

Shale: soft, shiny, black; contains thin oo=
litic layers in upper 1 foot; lower 6-10
inches is locally thicker bedded and
harder; contains lenses of black, massive,
siltstone which are sither soft and none
calcareous or hard and calcareous and which
generally occur near the base of the
oolitic shale at the top of the bed,

bunred in 9=S cross—cut

mutm and clay: soft, ysllow to brown.
 $1tstone: soft, massive, gray to tan.

‘Mlitstons: soft, massive, bedded, tan to gray;
= Btroaks o.t red and yellow clay along bedding,

\mtatono soft, tan; contains abundant flattened
.;a;’ concreticns.

;mtatone sott msivo bedded, tan to gray.

;m“tm. lnrd, ugm-. gray to t.an, rod stained
. and cherty in part,

Hltstone: soft, gray to tan.

 lolite: gray, stained brown along fractures and
Along soms beds,

H1tstone: soft, massive bedded, dark brown; con-
tiins red clay seams.
/57

Thicke vzo P20

Sample ness (pe
No. (feet) cent)
very
3.5 0.32¢c low
Lol 0.94c 3.3%
1.1 O.48c 23.4%
2.1 0.57¢c 11,0%
3.0 1.31¢c n.d,
0.5 n.d. n.de
0.6 0.11¢ n.d,
12.0 0.23¢ n.d,
1.‘ n.d. n.do
6.2 ncd. n.d'
3.8 nod. n.d.
1,0 n.d, n.de
1.’4 nod. nodo
Sed N.ds "ede



Sample ness (pe
_ No, (feet) cent)
Oolite: gray, Ok nede
.Chert: massive, bedded, fractured, light gray to
tan; contains reddish clay seams and pockets, 3.0 n.d.
Chel.'t: 13.0 n.d.
Oolite: hard, gray brown. Os n.d.
“Siltstone: soft, dark brown. 0.2 n.d.
%lodnles: % to 1 inch in diameter, hard, Ou4  nede
;;Siltetom: soft, massive, tan to brown. 3.1 n.d,
,élodular oolite: cherty?, hard, Q.4 n.d,
Siltstone: soft, massive, light gray. 2,0 n.d.
‘Nodular layer, 0.3 n.d,
: ,;?iltstono: soft, massive, gray to tan, 1.6 n.d,
. Nodular layer: O.h n.d,
. Siltstone: massive, light brown. 1.8 n.d,
“';"‘Siltctom: soft massive nodular layers inter-
5 bedded. 5.2  n.de
iltatono: dark brown; oolite; interbedded;
" medium hard, 2,1 n.d,
Bon’ 'hi“. 008 nod.
oolitic, soft, black. + 1.0 n.d,
, soft, white. 0.3 n.d.
"Thah: medium hard, black; contains several layers
;‘ of black siltstone, _ 25¢ n.d,
&aaured in Consclidated mine cross-cut
> (tie to above section only approximate),
;A Umestone: hard, silty, maivo, dark gray, 311 41 0.0

| M1tstone: calcareous, cherty, hard, dense,
. fractured, dark gray; contains veins of gypeum. 310 0,7

,
€

féo

0.0

P05

n.d.

n.d.
n.d.
n.d,
n.d,
n.de
n.d.
n.d.
n.d,
n.d.
n.d.

n.d,

n.d.
n.d.

uod.
n.d‘
n.d,

n.d.

nod.

very



Thick- V,0, P.O
Sample ness (;zaeg- 275
No. (feet) cent)

Limestons: hard, massive, but broken, dense, very
. dark gray. 309 46 0.0 low
|
- Limestone: carbonaceous, hard, banded, dark gray., 308 1.9 0.0 very
low
Fault,
| Siltstone: calcareous, hard, dark gray. 306 5.8 0.0 med-
ijum
Limestone: hard, dense, laminated, massive, 297 19 0.0 vwvery
low

L;Linutcn.: hard, dense, much fractured, dark gray, 296 3.5 0,05 very

Siltstone: hard, massive, finely laminated, dark

gray. 29%~5 5,5 0.0 low
Siltstone: soft, gramular, platy. 293 0.1 0.0 very
) low

3iltstone: hard, dense; interbedded with soft,

granular., 292 2,0 0.0 1low

| Siltstone: micaceous, granular, 291 0.2 0.0 1low
| S11tstone: hard, dense, 290 1,0 0,0 very
low

‘ 3iltstone: calcarecus, hard, dense, dary gray; med-

| & few gramlar layers interbedded. 288 3.3 0.0 im

1§11tatou; cajcarsous, hard, hackly, brown. 287 14 Ol  low
 311tatone: hard, shaly to massive, black. 285-6 0,7 0.0 rd-'

: um

$11tstone: tan with brownish streaks of carw

ecus matter; thin bedied to massive; " ' very
f soft, sandy appearance, 284 1,6 0.25 1low
B 'iltstone: finely laminated, thin bedded to very
| massive, light gray to tan. 283 3.4 0,2 low
g Hltstone: hard, massive, dense, sandy appear— very
| ance, light gray to yellow, 282 2,3 0.05 1low
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S8iltstone: clayey, soft, reddish brown, gray and
~ yellow streaks,

Siltstone: sandy appearance, light gray to brown.

Siltstone: sandy appearance, massive, light gray;
a few hard calcarsous layers,

#3iltstone: calcareous, thin bedded, nndy ,
; appearance, light gray.

,(Siltatonn calcareous, massive, pinkish gray.
&

}‘F"'

LOWER PHOBPHATE HED

Phosphate rock: oolite, gray,

#lls formation

[3

ii%unrtsitc; hard, but much broken, light gray;
" thin cherty layers near top,

b
i
K

67

Thick- V20
Sample ness (pef-
No, (feet) cent)
281 2,5 0,05
280 3,3 0,05
219 1lub 0.3
278 1.3 0.3
277 1l 0.2
55 n.de
nodo ﬂ'd.

P205

very
low

very
low

very
low

very
low

very
low

n.de

ﬂod.



